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Abstract of Thesis
(1) The Optical stability of 1 s 2 s 3 s4~Tetrahydro-2-naphthyl- 
amine.
(2) The Optical stability of (+) Methyl 9-aminofluorene 
-2-carboxylate.
(3) The Rearrangement of para substituted Phenylhydroxyl- 
amines to Quinols.
The occurence of alkyl-oxygen fission during 
hydrolysis of carboxylic esters of suitably substituted 
alcohols is now well established. It appeared of interest 
to inquire if an analogous reaction existed'in which the 
bond undergoing fission was the C~M bond an ”alkyl-nitrogen 
fission”. With this in view two reports in the literature, 
in which such a mechanism might be operative have, been 
studied.
The extensive racemisation of (+)ls2s3s4-tetra­
lly dro-2-naphthylamine found by Pope and Harvey (J.C.S.,
1901, 79, 74) has been critically re-examined. The con­
clusions are that this compound is optically quite stable, 
and that Pope and Harvey were mistaken in their belief 
that their starting material was optically pure.
The other example of optical instability was re­
ported by Eay and Kreiser (J.Amer.Chem.Soc., 1945, 67,
5041 1947, 69, 3068) who found that (*f) methyl 9-amino
fluoreiie-2~carboxyiate racemised readily even on standing, 
and that re cry st alii s at ion was .'impossible without loss 
of optical activity. This has been shown to be due to 
;chemical instability, and-not.due to any spontaneous 
racemisation. (+) Methyl 9-aminofluorene-2-carboxylate 
is optically stable when kept in the dark and in an 
atmosphere of nitrogen. Some of its decomposition pro­
ducts have been isolated and identified.
An attempt has been made to obtain some in- 
sight into the rearrangement of para substituted phenyl- 
hydroxylamines, where an alkyl group migrates to a neigh­
bouring ortho position. By carrying out the reaction' 
with an optically active migrating group - (-)sec butyl - 
one could throw light on the mechanism.,-of this re­
arrangement ,
A procedure for the preparation of p-sec- 
butylphenylhydroxylamine.and its reaction with dilute 
sulphuric acid is described. The resulting products 
however proved unsuitable for determinations of optical 
rotatory power.
Page
Optical stability of 1*2 s3 s4-Tetrabydro—2-naphthyl
amine 1
Experiments devised to test the optieal stability
of. ( + ) 1 s 2 ? 3 * 4-ietrahydro~2-naplitIiylamine 7
Comments on the Experimental Results of Pope
and Harvey 8
Experimental Section 14
Optical Stability of + Methyl 9-Aminofluorene
-2-carboxyl ate ■ 33
Structure of Fluorene 34
Experiments bearing on the Chemical Instability
of 9-Aminofluorene and its derivatives 41
Goldschmidt’s suggested schemes of condensation
of 9-Aminofluorene 43
The Resolution of i iethyl-9-Aminofluorene-2-
Carboxylate 43
Optical ''Stability of (*)-Methyl-9-Aminofluorene
-2-carboxylate 45
Chemical Instability of .{+)-Methy 1-9-Amino—
fluorene-2-carboxylate 46
Summary and Conclusions 49
Experimental Section 51
Rearrangement of p-substituted Phenylhydroxy 1-
amines to Quinols 68
Preparation of {-)-4-Hydroxylamino-sec
butylbensene 74
Experimental Section 73
The work described in this thesis was carried out under 
the direstion of Dr J# Kenyon, F.R.S., and the author 
wishes to thank him for his kindly encouragement and 
advice* He also wishes to thank the Directors of 
Vitamins Ltd. for laboratory facilities.
Ihe Optical Stability of 
1 3 * 4 —1etrahydro—2-naphthyIamine.
The'occurrence of alkyl-oxygen fission dur- 1 ; 
ing the hydrolysis of carboxylic esters of suitably 
substituted alcohols is now well established (c.p. Davies 
and Kenyon, Quarterly Reviews, 1955* %  203). In these 
reactions the -0-0 bond undergoes rupture leading to 
the transient formation of a positively charged radical 
or ion. When the reacting ester is derived from an 
optically active alcohol, the hydroxyl group of which 
is directly attached to the asymmetric carbon atom, the 
liberated carbonium ion, as a consequence of its assum­
ing a planar configuration, gives rise to a racemic 
alcohol.
It -appeared of interest to inquire if an 
analogous reaction existed in.which the bond under­
going fission was the G-M bond of an asymmetrically 
substituted carbon atom - an **alky 1-nitrogen fission*1 - 
and a search of the literature was made. Very few 
examples of this type of behaviour were found in which 
an obvious explanation was not forthcoming - as, for 
instance, the optical instability of derivatives of 
a-amino-acids being clearly due to the mobility of the 
a —hydrogen atom present in these compounds.
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At the outset of the present work, the 
best authenticated cases of such a reaction appear­
ed to be:
(i) the report by.Pope and Harvey (J.C.S.,
1901, ■ 22,9 ■•7^') .&&& reiterated by Cloetta 
and Waser (Arch. exp. Pathol Ph&rmakol., ;
1913» 21* 393) that (+)-! s2s 3s4-tetrahydro- 
'2-naphthylamine is extensively racemised 
during liberation from its salts and dur­
ing reaction at the nitrogen atom and
(ii) the statement of Bay and Kreiser (J. Amer. 
Chem. Soe., 194J, §2, 504; 194?, 62., 3068)
; that (+)-methyl—9~aminofluorene—2-carboxy- 
late^racemised readily, even on standing at* 
room temperature and that recrystallisation 
was impossible without loss of optical 
activity.”
The experiments described in this thesis 
were undertaken with the object of throwing light on 
the processes which cause optical ihstability in 
these amines.
An investigation of the claim of Rope and 
Harvey seemed particularly desirable for Pickard and 
Kenyon (J.C.S., 1912, 101, 142?) found the correspond-, 
ing (+)-l*2:3s4-tetrahydro-2-naphthol to be optically
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quite stable and its carboxylic esters (seven in num­
ber) to undergo hydrolysis without suffering loss of 
optical activity. These results have recently been 
confirmed and extended in these laboratories by 
Barr at t (unpublished work).
; Pope and Harvey mixed aqueous solutions of 
the hydrochloride nf (± )-l s213 tetr ©hydro-2-naphthyl- 
amine (2 mols.) and the amonium salt of (0~3-bromo- 
camphor-8-sulphonate (1 mol^) and obtained an 
immediate separation of the less soluble salt in 
accordance with the equation -
(*)~B,HC1 + (-)-B.HOl + (♦)-A*NHx « (+)-B. (*)-■&
-h (-)k b .hci + m 4ci
The salt so obtained was crystallised from boiling 
spirit, and then from absolute ethano1-ethyl 
acetate* The resolution, they state, partook more 
of a separation by precipitation than of a separation 
by fractional crystallisation*
The (*)-tetrahydro-2-naphthylamine-(+)~ 
3~bromocamphor-8-sulphonate so obtained had 
m.p. 185-188° andfiQi) + 86.5° (in lit OH).
The mother liquors remaining after the 
removal of this salt were rendered alkaline and the 
liberated base — rich in the (—)-form—converted, via
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interaction of its hydrochloride and ammonium 
(~)-3~bromocamp.hor-8-sulph6n&te, into (-)-tetrahydro- 
2-naphthy1amine (-)-3-bro®oe^pk°r-3-sulphonat8.
This salt had
m.p. 185-188° andHD -86.2° ^  Et0H)'
and the closeness of the agreement led them to assume 
that the resolution of the (~)~amine was complete.
decomposition of the salt of the (+)-amine 
with'alkali-gave,. in;. separate experiments, the free 
(+)-affiine with 30.5.+37.24°, respectively.
. This (+)—amine was converted into its hydro­
chloride which was systematically crystallised from 
water when the least soluble fraction proved to be 
the pure racemic salt, m.p. 242-243°. From the mother 
liquors there was isolated the (+)-hydrochloride having 
m.p. 243-245° and M d -71.9° (in HgO).
In similar manner there was obtained frOm the 
(-)-amine (-)-bromocamphor-8-sulphonate having RJp -86.2° 
both the pur© racemic hydrochloride and also the 
(-)-hydrochloride having m.p. 243-245° and [yU p -69*7° 
(in
A further portion of the (+)-amine-(+)- 
bromocamphorsulphonate of [jssQ ^ +86.5° was decomposed 
with alkali and the liberated base combined with an 
equivalent amount of (-)-caiaphor-lO-sulphonic acid.
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';>^ractioiial-crystallisation from water of the resulting 
salt gave, as the less soluble fraction, (+)-tetra- 
hydro-2-naphthylamine (-f )-c amphor-10-s.ulphonate with 
O G  D+ 47,7° (in H20).
By working up the mother liquors there was 
obtained (-)-tetrahydro-2~naphthyfamine (-)-camphor- 
10-sulphonate Mas colourless scales”.
In a separate experiment,, the (-)-amine was 
combined with {-}~camphor~10-sulphonic acid when the 
resulting (-)~tetrahydro-2-naphthyl©mine (~)-camphor- 
10-sulphonat e' had, after reerystallisation, [hl~lj)~-47*40, 
a value in close numerical agreement with that of its 
diastereoisomeride*
/By applying the principle of the additivity 
of the molecular rotations of the anion and the cation 
of a salt, these compounds were shown probably to be 
optically pure.
To account for the isolation of the racemic 
hydrochloride, Pope and Harvey concluded that partial 
racemisation had occurred during the liberation of the 
base from its camphor sulphonates.
They concluded further that more extensive 
racemisation accompanied the preparation of derivatives, 
for when (+)-tetrahydro-2-naphthylamine> liberated from 
its salt with (+)-bromocamphor-8-sulphonic acid, of
-  6  -
G O  ^+86»5°« was converted into its acetyl, benzoyl 
and benzylidene derivatives, it was found that each of 
these compounds was separable by reerystallisation into 
(•f) and (-)-forms - the latter in fairly high proportion* 
This behaviour they ascribed to the ionisation of the 
d -hydrogen atom of the optically active base,
Oloetta and laser (loc* cit,) experienced 
difficulty in crystallising the (+}-bromocamphor 
sulphonate of the amine and so resolved the base by the 
use of 0.5 molecule of (+)~tartaric acid, The resulting 
salt had R] p+57*8° (in and gave the corresponding
hydrochloride with 1RJ ^  + 43*64° (in H^D). / These authors 
stated that the formation of the hydrochloride is 
accompanied by partial inversion the base.
s (±)~1:2:3s4-Tetrahydro-2-naphthylamine has 
now been resolved as its hydrogen tartrate formed from 
equimolecular amounts of the base and of (*)-tartarie 
acid. After reerystallisation from water, the most 
active fraction of the salt had jpj p4-86° (in HgO) and
^  A
gave successively the amine o( 20 + 95*83 QL, 1?
homogeneous) and, without isolation of the free base, 
the amine hydro chi or ide, [pij p + 67 * 5° ( i& ) raised
—  • —
to + 71*9° by reerystallisation from water# This 
corresponds well with Pope and Harveyfs maximum 
values, which were Wjp + ,7'1 *9° and -69*7°l 
it therefore seems safe to assume,'as these authors 
do, that this amine hydrochloride is optically pure.
The’ rotatory power of the pure amine may therefore be 
calculated to be about °^20° 4* 102° (1, 1; homogeneous) 
I.e. 71.9/67-5,x 95.83°.
■ Experiments devised to test the Optical Stability ■ 
J^TTST 3 s ebraEy dro^
(I).The (+)-amine was=submitted to prolonged 
treatment in solution with (a) sodium ethoxide,
(b) sodium'hydroxide and (c) an excess of hydro-* 
chloric acids in ail cases the amine was recovered 
with its rotatory, power undiminished.
(ii) .The {+)•amine was dissolved in hydro­
chloric acid and then liberated by the addition of 
sodium hydroxide - the process being repeated four 
timest the amine was finally recovered-with 
undiminished rotatory power.
(iii) The (+)~hydrogen tartrate was decomposed 
with (a) potassium hydroxide, (b) sodium carbonate 
and (c) sodium ethoxide, but in all three cases the 
liberated amine possessed its full rotatory power.
(iv) The amine hydrochloride of (©Cl p + 71.9° 
end also the amine hydrogen tartrate of jyiTJ p +. 86° 
were separately converted into the (+>-amine-bromo~
csmphorsulphonate - these specimens possessed
-LcO p +  101° and 102° (in EtQIi), respectively. The
object being to repeat the original experiments of
Pope and Harvey.
In aqueous solution the corresponding values 
of these two salts are jpijp+ 86° an&jy3jp+ 87° s 
respectively. Assuming the additivity of the 
molecular rotations of the anion f.ljp + 277° and the 
cation [lljp + '132 (Pope and Harvey, loc. clt.) of the 
salt in dilute aqueous solution, the value of |_mJq + 409° 
can be derived for optically pure (+)-l:2:3*4—tetra- 
hydro-2-naphthylammonium (+ )~bromocamphor sulphonate, 
whence = + 89° (in water)* Thus the substantial
optical purity of these two specimens is confirmed as 
would be expected if no racemisation had occurred 
during their preparation.
Comments on the Experimental Results of Pope and Harvey.
The (+)-bromo camphor sulphonate, [pQ p + 101° 
to + 102° (in JStOH), prepared as described above is to 
be compared with the salt of + 86.5°a n d -86.2°
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(in BtOH) which Pope end Harvey assumed to be 
optically pure, and with which they performed their 
experiments*
The probability therefore immediately arises 
that the various optically inactive compounds which 
these authors isolated by fractional crystallisation 
of derivatives of the amine were not formed by race- 
misation during reaction, but were derived from the 
racemic base already present in their incompletely 
resolved bromocamphorsulphonates •
Confirmation of this view has been obtained 
by performing the following cycle of operations*-
amine — hydrochloride — > bromo camphor sulphonate -— > amine,
avoiding fractional crystallisation of any of the 
intermediate salts, i?hereupon the amine was recovered 
with undiminished optical activity*
Thus it is established that the (+)-base can 
be converted into salts and, in turn, liberated from 
them without the occurrence of any significant amount 
of racemisation.
Pope and Harvey did consider the possibility 
that their original bromocamphorsulphonates might be 
partially racemic, but claimed to have disproved it
- 10 -
by finding racemisation in the cycle of reactionss-
camphor sulphonate — > amine — * camphorsulphonate
Unfortunately no details of this crucial experiment 
are given*.;
On the other hand, the data recorded in the 
experimental section of this Thesis afford no evidence 
of the occurrence of racemisation during these reactions. 
To^confirm that fractionation had not occurred during 
the final isolation of this camphor sulphonate the cycle
amine — > camphorsulphonate— -> amine
has been performed, avoiding isolation of the inter­
mediate salt. Again no racemisation could be detected* 
The (+)^ camphor sulphonate from the most highly 
active (+}-amine { ^ + 95*8°), the preparation of
which has already been described, had 1^0^ + 46.$° (in 
I^O) which compares well with Pope and Harvey * s maxi­
mum values of + 4 7 * 7 ° (and - 47*4° for the diastereo- 
isomeride)s it therefore, as these authors assumed, 
probably indicates optical purity*
xaents, obtained amine of varying rotatory power t 
(cAp +30.3° and 37.24°) from the same"sample of bromo- 
camiohor sulphonate,7 which constitutes part of their 
evidence for the occurrence of racemisation, is not 
at all clear. The rotatory power of the amine varies 
with temperature'-'.but- not sufficiently to account for 
the 1arge difference they record, and although the 
amine rapidly forms a carbonate when exposed to the ; 
air; it is shown in the experimental section of this 
thesis that this exerts only a small effect on the 
rotatory power of the amine.
These authors further suggest that the 
observed racemisation more probably takes place during 
the liberation of;the base from its salts rather than 
during the combination of the free base with an acid 
in salt formation, since they found the salts to retain 
their optical activity on keeping in acid solution.
They state that -**some kind of momentary tautomerism 
seems to exist during the liberation of the base from 
its salts* this fautomerism does not persist after the 
new salt is formed because no alteration in rotatory 
power attends the heating of the*optically active 
salts in solution”. They put forward some elaborations 
of this explanation which involve a contrast between
—  1 2  —  .
the pyramidal structure of the nitrogen atom and^  the 
tetrahedral structure of the carbon atom - but it is 
not considered profitable to pursue these speculations.
On the other hand, Oloetta and laser (loc. clt.) 
state, without giving any reasons, that the formation 
of its hydrochloride from the base is accompanied by- 
part ial inversion.
from a consideration of the data provided by 
hope and Harvey, together with those now found, the 
following conclusions may be drawn.
(i) That Pope and Harvey were mistaken in their belief
>  4*- * .
that the initial separation of the (-*)-amine by (+)- 
and (— )-5~bromocaDiphor-8-sulphonic acids was complete*
The close agreement of the values of the rotatory 
powers of the diastereoisomeric salts would appear to 
be purely fortuitous.
(ii) That the optically impure hydrochlorides and 
camphor-10-sulphonates into which they converted the 
original bromocamphor sulphonates readily underwent 
separation by fractional crystallisation into the 
corres;ponding optically pure and racemic varieties*
(iii) The bromo camphor sulphonates, upon whose 
reactions they based their conclusions of optical 
instability, were only about one third resolved.
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In all probability, the racemic solid which they 
Isolated from the active derivatives by 
reerystallisation, was derived from the two-thirds 
of Inactive amine initially present and was not 
produced during reaction. It Is unfortunate that 
they did not investigate similarly the reactions of 
■their hydrochlorides or camphorsulphonates, or 
isolate the liquid amine rather than its solid 
derivatives, or measure the optical rotatory power 
of their bromocamphorsulphonates In aqueous solution 
rather than in ethanol* any of these experiment a 
would have indicated the source of their racemic 
products.
(iv) The experiments herein described provide no 
evidence of optical instability of l:2*3*4-tetra- 
hydro-2-naphthy1amine or of any of its derivatives.
EXPERIMENTAL SECTION
All melting points are uneorreeted. Analyses are by 
Drs. Weiler and Strauss, Oxford.
EXPERIMENTAL
Preparation of (*)-!s213s4-Tetr ehydro-2-naphthylamine.
This compound was prepared by a modification 
of the procedure of laser, end MBllering (Organic 
Synthesis, Coll, Volume I, 499)*  ^ r
\ A solution of 2-naphthyIamine (20 g. ) in dry 
iso-amyl alcohol (300 mil) was heated under reflux in - 
an isomantle until it "boiled gently* Sodium (26 g#) 
was, added in lumps through the condenser, with vigorous 
mechanical stirring* After the initial violent reaction, 
the sodium was added at such a rate that the mixture 
boiled steadily until all the sodium had gone into 
solution* h' .
The solution was now poured into water (500 ml*) 
and stirred mechanically* She upper iso-amyl alcohol ¥/as 
separated and dried oyer magnesium sulphate* The products 
from five ^runs1* were combined and acidified with concen­
trated hydrochloric acid until the mixture was gust acid 
to litmus * Most of the iso-amyl-alcohol was distilled 
off in vacuo * until a crust of crystals began to appear, 
when the residue was cooled;and treated with water (JQO ml*) 
and aqueous potassium hydroxide (300 ml* of 50^)* The 
free base which separated was extracted countercurrent-
wise with ether*
The ethereal extract was treated with lumps of 
solid carbon dioxide until no more precipitate was . , 
formed* Only the strongly basic alicyclic amine forms 
the carbonate* The aromatic bases (probably a mixture 
of dihydronaphthylamines8-tetrahydro-2- 
naphthylamine, and unreacted 2-naphthylamine) would 
remain in solution* The colourless ac-tetrahydro-2- 
naphthylamine carbonate was filtered off, washed with 
a little ether and dried at room temperature*
The free base was obtained from the carbonate 
by shaking with; an excess of aqueous potassium hydroxide 
solution, as a light brown oil. This was extracted with 
ether rapidly, dried over magnesium sulphate, and the : 
solvent removed. The residue was distilled under 
reduced nitrogen pressure to give ac-tetrahydro-2- ;v:\ 
naphthylamine (60 g.) b.p* 115°/12 mm. as a colourless 
liquid*
y :0n exposure to air, ac-1 etrahydro~2~naphthyl~ 
amine absorbs carbon dioxide rapidly, and forms a 
crystalline crust? some brownish green discolouration 
(probably due to oxidation) also takes place. The 
carbonate on heating to ca 70°, decomposed leaving 
the free base. The free base could also be obtained ;
- _  16 ~
by treatment of the carbonate with alkali*
In handling ac~t etrahy&ro-2-naphtby1amine, 
great care had to be exercised, as the '‘sympathomimetic*1 ' 
action described in Organic Syntheses (loc. cit) could be 
observed after long periods of working with it.
Resolution of 11213«4-T etrshydro-2-naphthy I a mine.
ac-Tetrahydro-2-naphthylamine was resolved into 
its optical antipodes by fractional crystallisation of 
its acid tartrate.
Q  3-Tetr ahydr o-2-naphthyIaiimoniuffi Hydrogen (+)-tartrate.
(-)-Tetrahydro-2-naphthyl8mine (80 g. 0.54 mol),
was dissolved in acetone (125 ml.), and added to a solution 
of d-tartaric acid (80 g., 0.53 mol) in water (125 ml.).
The ( - ) -t etr ahydro-2-naphthy1 ammonium hydrogen (+)-tartrate
which separated overnight as a thick mass of needle-shaped
crystals, was filtered off with suction, washed with aqueous
acetone (50 ml* of 50^)» &&d finally with acetone (50 ml.)*
The salt so obtained was dried at room temperature in vacuo
wfaen it had m.p. 214-217°. H e l d  126 g.
■ - 1? V.
hine recrystallisations of this salt from water 
gave ( + )-ac-tetrahydro-2-naphthylammonium hydrogen 
(+)-tartr&te (21 g*) having m.p. 217°».and 
/A?J8 + 86.0° (c, 0.436; 1, 1; in water).
(+)- and (-)-ac-letrah.ydro-2-naphthy 1 amines. - ■,
The hydrogen tartrate from the above separation, 
havingk>Qp + 86.0° (5 6*) was shaken for a few minutes with 
50% aqueous potassium hydroxide (10 ml.). The free base 
so liberated was extracted with ether, washed with water, 
dried ovex* magnesium sulphate, and the solvent removed.
The residue was distilled under reduced nitrogen pressure 
to give a colourless liquid (2.2 g.), b.p. 115°/ca 12 mm.
It had + 115.40°; + 95.83°;cO. : ||63 + 75.88°
(i>l 5 homogeneous).
from the mother liquors of the resolution, there 
was recovered laevorotatory hydrogen tartrate which had 
K3 p -12° (£, 2.632; lr 1, in water). When this was 
decomposed with alkali, ac-tetrahydro-2-naphthylamine
OIL
havingd^ -33*73 (i? 0*5 homogeneous) was obtained: i.e. 
of optical purity 67*46/95*83 - 70% approx. \7
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Bxperinients on the liberation of the free base : f
from tiie hydrogen tartrate by alkali
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. of different strengths,
(i) Weak Base.. . , V \
ac~Tetrahydr o-2~na.phthyl ammonium hydrogen
tartrate having jctj^  ~ 12 (£9 lf 1 in water) (3 g.) was
stirred for 20 minutes with a solution of sodium 
carbonate (3 g*) in water (100 ml*)# The free amine
so liberated was extracted with ether, the extract
washed with water, dried over magnesium sulphate and
the solvent removed, The residue was distilled under ;•
reduced nitrogen pressure to give ac~tetrahydro~2~
naphthylamine,-b.p* 115°/ca. 12 mm, havingd 33,73°
(is homogeneous)* Held 2 g,
(ii) Strong Base ; ^
ac-1 etrahydr o-2naphthyl aimnonium hydro gen 
tartrate (5 g*) having )SQ^0-12°, a further sample from 
,the same batch that was used in the last experiment,
x . ■
was suspended in a solution of sodium ethoxide (4 g«
of sodium in 30 mi* of ethyl alcohol)* The mixture was
heated under reflux during 0*3 hr*, and after cooling,
water (20 ml*) ?^ as added. : The ethanol was removed under
slight vacuum, and the residue extracted with ether when
ac~tetrahydro~2~na.phthyfamine was isolated as in the
24 o :
last experiment. It hacU.D~3.5t21 (1_, 0.5 homogeneous).
. 19.~ '•
Optical Stability of ac~Tetrafaydpo~2~naphth,ylamine 
in the presence of Hydroxyl Ions. •
(i) Sodium ethoxide.-'■ : v ’
An incompletely resolved sample of* ac-1 etrahydro- 
2-~naphthylaffiine, having +'26*05° (It 0*5 homogeneous)
(5 g*) was mixed with an ethanolic solution of sodium 
ethoxide (0*05 g*"sodium in 10 ml.of'dry ethanol), and 
left in a stoppered flask overnight in an atmosphere of 
nitrogen* After diluting with’ water (ca. 50 ml*), the 
amine was extracted with ether, and the ethereal extract 
washed with water and dried* On-distillation under 
reduced nitrogen pressure,"ac^tetrahydro-2-naphthyl«- 
amine (2*0 g.) was obtained. It had oLp + 25*85° (19 0*5 
homogeneous).
(ii) Sodium Hydroxide.
The ac^tetrahydro-2-naphthylamine from the last 
experiment (2 g. \ having + 25*85° (1» 0.5 homogeneous) 
was mixed with a solution of sodium hydroxide-(2 g.) in 
aqueous ethanol (10 ml* of ca* 80^)* After standing for
two weeks, it was treated as in the last experiment to
* ' >• 
give the free amine 25*96 (If G.5 homogeneous)^
Optical Stability of (+) and (~) ac~Tetrahydro«-2-naphtfayl~
amine"lri theHpresenc e of hydrogen Ions *' 'V
ac~"lletrahydro-2~naphthylamine hydrochloride 
was prepared either from the hydrogen tartrate, or from 
the free base, as follows*
-20  —
(i) A sample of ac-tetrahydro-2-naphthylmnmonium 
hydrogen tartrate having pQp + 44*0° (£, 1; 1, 1 in 
water), was.suspended-in concentrated hydrochloric acid 
(10 ml. ) and the mixture heated strongly until all the 
salt went into solution. *■. This was cooled and diluted 
with an equal volume of water. Boon ac-tetrahydro~2~
naphthylammonium chloride (4.1 g.) separated as colourless 
needles, m.p. 248-9°. Recrystallisation from moist acetone 
gave colourless needles (3«6 g.) having ■+ 25*S°
(_e, 1,628, 1) 1, in water). In another experiment, a 
sample of an-tetrahydro-2-na.phthylammoni-mn hydrogen tar­
trate, having was treated as in the last experiment
when the amine hydrochloride having - 22° (£, I;
I, I in water) was obtained.
(ii) A sample of ac-tetrahydro-2-naphthylamine having
oL - 68,9° (1» 1 homogeneous) (2 g.) which had been
left standing for ten days in a stoppered flash, and had
discoloured slightly, was dissolved in ether (ca. 10 ml.),
hydrogen chloride m
and treated with an excess of a solution of/dry ether.
An immediate precipitate of ac-1etrahydro-2-naphthy 1 amine 
hydrochloride was formed, which was filtered off, washed 
with a little dry ether and dried in vacuo. Yield of 
colourless crystalline material 2 g. Its optical 
rotatory power — 46,9° (£* 1*72; 1, 1 in
- 21 -
aqueous solution). Recrystallisation from water gave a 
least soluble fraction (0.74 S*)> having —  - 65*4°
(c, 2.6765 1, 1; in aqueous solution),
(ill) A sample of ac-tetrahydro-B-naphthylamine (2,2 g.), 
having + 84.8° (1, 1 homogeneous), was dissolved in 
anhydrous ether (10 ml.) and mixed with an excess of an 
ethereal solution of hydrogen chloride in dry ether, The 
crystalline hydrochloride (2.7 S*) tos filtered off, 
washed with a little dry ether, and dried in vacuo,. It
had optical rotatory po?^ er +: 63*7° (£> 1.1311 l» 'l
in aqueous solution.
(iv) A sample of ac-1etrahydr o- 2-naphthylamine (ca, 2 g.) 
having^j^ * 84.4° (h, 1 homogeneous) was diluted with an 
equal volume of ethanol and mixed with an excess of 5® 
aqueous hydrochloric acid. The ac-tetrahydro-naphthylamine 
hydrochloride soon separated as needle-shaped crystals. 
After standing overnight, this was filtered off, washed - 
with a little ethanol and dried in vacuo. It had optical 
rotatory power IpUp + 67*0 (£, 1.312; 1., 1, in aqueous
solution). By recrystallisation from water, two fractions 
were isolated (a) a least soluble fraction having
71*9° (£> l»293? i* 1» in aqueous solution), 
whilst from the mother liquor a moi’e soluble
- 22 -
fraction (b)5 having y* A6*3°.. ■(£,.» l«88f 1, 1; in 
aqueous solution) was obtained. : i
(v) A sample of incompletely resolved ac-tetrahydro- . 
2-naphthyl amine hydrochloride (0.2502 g.) was weighed 
into a measuring flash, and dissolved in a little 
water* Hydrochloric acid (concentrated, 1 ml.) was 
added, and more water added so that the final volume 
was 25 Ihe observed rotatory power of this
solution was 4.-pj + 0.46° in a 1 dcm. tube, giving
[iA]r) + '\45«9° (£, 1*0008; 1, I). After standing in the 
dark room for 5 days at room temperature, this rotation 
■had not altered.
(vi) A sample of ac-tetrahydro~-2~na.phthylamine 
hydro gen tartrate- (J g.Ji'having zero rotatory power, 
wrhich was isolated from • the mother liquors"'of a 
crystallisation, was added to a solution of d-tartaric 
acid (2 g.) in water (15 ml.)* This was left on the 
steam bath (reflux condenser) for two hours. The free 
base was isolated by the addition of excess alkali as 
described earlier and had rotatory power - 20.9
(1, 1; homogeneous), then a further sample of the 
ac~.fretrahydro-2-naphthylammonium hydrogen (4-)~tartrate 
used in the above experiment was decomposed, without 
the heating"with excess of tartaric acid, the free base
so obtained bad the almost identical value g ) - 21.0 
(1,1 homogeneous).
Maintenance of Optical Stability During Repeated Formation 
and hecomposition of the Amine Hydrochloride.
(+ )~ac-T etrahydro-2-naphthy 1 amine (4 g.) having 
d-p~68.93° (i, 1 homogeneous) was mixed with 50/S aqueous 
hydrochloric acid (JO), followed by 50^ aqueous potassium 
hydroxide (ca 15 ml*)* in order to render the mixture 
strongly alkaline. Acid and alkali were again added 
alternately, until the hydrochloride had been formed 
three times and decomposed three times, r At each stage, 
the pH of the solution was checked with universal indicator, 
finally, the liberated ac-t etrahydro-2-naphthyiamine was 
isolated, and distilled under reduced nitrogen pressure,
At the end of the operations, ac-tetrahydro-2-naphthylamine 
b.p,' 120°/ca 15 mm, (2 g.) having ol ^  ~ 68.90°
(3^, 1 homogeneous) was obtained. ,r
Preparation of (*)~ac~fetpahydro-2~naphthylam;oionfum 
. 1 ! liromocj^ '
(i) From (*)~ac-1etrahydro-2-naphthylammonium hydrogen 
(+)~tartrates-
A sample of ac-tetrahydro-2-naphthylammonium 
hydrogen (*0~tartrate (1 g.), having KJ p * 82.6°
(£s 04360; 1* .fvin aqueous solution) was dissolved 
in boiling water (minimum amount needed - ca 30 ml*)* 
and mixed with a strong solution of ammonium d-bromo- 
camphor sulphonate (1.1 g.) in water. After mixing, 
there was an immediate separation of the d-amine 
d-bromocamphor sulphonic acid salt, as fine needles.
After standing for a few hours, this was collected by 
filtration, if ashed with a little water and dried 
in vacuo. to give 0.86 g. of salt, m.p. 188-190° 
which had + 87*1° (£* 0.36?2; 1, 1; in water).
( ii ) from (+ )-ac-1etrahydro-naphthylammonium chloride:- 
ac-fetrahydro-2-naphthylammonium chloride 
(0.2 g.) having [oTIj, + 71.9° (c, 1.293; 1, 1? in 
aqueous solution) was dissolved in water (10 ml,), and 
mixed with a strong solution of ammonium d-bromocamphor- 
sulphonate (0.35 g*)* fhe d-ac-tetrahydronaphthyl- 
ammonium d-broinocamphorsulphonate which soon separated 
as fine needles was collected, washed and dried in vacuo. 
It had m.p. 188.5-190°, and K/ + 86.35° (£, 0.895; 
jL, 1; in aqueous solution end PJ i ■ + 100.8° (£,1.071; 
•1,1; in ethanol),
(iii) from (* )-a c-T etr ahydr o-2-naphthyl amine: -
A specimen of d-bromo camphor sulphonit# was 
prepared from its ammonium salt, and mixed with an excess
oof d-ec-t etr ahydr o~2~napiithyl amine of + 84.8
1, homogeneous) in ethereal solution. The 
precipitated salt had m.p. 188° and S^=)^ + 80,5°
(e, 1,142,lf 1; in aqueous solution).
Optical Stability of ac-Tetrahydro-g-naphthylamine 
during %drocEloride-—H^omocamphor-
ac-Tetr ahydr o-2-naphthylamine (2,2 g.), 
having + 84,8° (f* 1 homog.) was dissolved in
anhydrous ether (10 ml. ), and mixed with an excess of 
a solution of hydrogen chloride in dry ether. The 
precipitated amine hydrochloride (2,7 g*) after 
washing with a little dry ether and drying had 
yC} $ + 63,7° (c, 1.131, 1, 1 in aqueous solution),
A portion of this hydrochloride (1,33 g*) was dissolved 
in a little water, and mixed with a concentrated . 
solution of ammonium d-bromo camphorsulphonate (2.4 g.) 
in water, when ac-1 etrahydro-2-naphthylammonium 
d-bromo camphor sulphonate was immediately precipitated. 
After standing for ca 1 hr., the whole of the mixture 
was made alkaline with 50% W E  in order to release 
the free base. The ac-1 etr ahydr o-2~naphthyl amine so 
obtained was extracted with ether, washed with water, 
dried and the ether removed. The resulting oil was
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distilled under reduced nitrogen pressure as described 
above and bad b*p. 115°/ca* 12 m .  and + 83*6°
(1*-1 homogeneous).
(ii) In a repetition of 'the last - experiment, a 
specimen of incompletely resolved ac-tetrahydro-2-naphthyl 
ammonium hydrogen d-t artrate, (3,0 g*) h a v i n g + 82* 6°
(c, 0*436; 1, 1 in water), was mixed with an excess of >
50% aqueous potassium hydroxide solution, ''The'amine so 
released was now mixed with an excess of ethereal HOI, 
end the precipitated hydrochloride filtered off and 
washed with a little dry ether* It was now dissolved in 
a little water, and mixed1with a concentrated aqueous 
solution of ammonium d-bromocamphorsulphonate (3,3 g*)»
In a few moments, the bromocamphoric acid salt separated 
from the solution as copious crystalline precipitate. 
This was collected on the filter, washed with a little 
water, and dried in vacuo* Its optical rotatory, power 
was UCtp 95*5° (£, 1*602, 1,, 1; in ethanol)* The 
(* )-ac-tetrahydro-2-naphthy lammonlum d-bromocamphor
sulphonate was decomposed, with aqueous 5% sodium , 
carbonate* and the free amine so released extracted . 
with ether* After washing and diying the ethereal. ,
extract, the free base was distilled under reduced 
pressure (nitrogen leak), to give a colourless liquid
- 27 ~ .
b.p. 115°/ca 12 mm. It bad Qjj) * 76.8° (r, 2*186;
1, 1; in benzene). Ibis value corresponds to a 
rotation of ol^  + 84° in the homogeneous state, as 
in a previous experiment, a specimen having 
U | 4*5+ 10.45° (i, 0.25) t a d + 58,25°
(c, 7*45; 1, 1 in benzene).
Optical Rotatory Power of (*)-ac-Petr8hydro-2~naphthyl- 
ammonium1 &-bromocmphorsuiphona^e at two different'
: ■concentrations.
In order to ascertain whether there was any
marked difference in the magnitude of the optical
rotatory power of ac~tetrahjdro-2~naphthylamine
d-bromocamphorsulphonate at different concentrations,
measurements were made on a sample with the following
results?- .
(i)[«0D + 9^.6° (c, 1.131; 1* 1)
both in ethanol,
(ii)K/j) + <$s+7° 505? 1.* ^
Preparation of (O-ac-fetrahydro-2-naphthyl ammonium
'      i.» ...... m y . ,  ,1, ww. y...— ■ ...... mV     „■
)-d~Oaiirphopsul phonate. 
ac-fetrahydro-2-naphthyiamine (0,5 g.) having 
- 96° (1, 1), was dissolved in absolute ethanol 
(5 ml*)* and mixed with a solution of d-camphorsulphonic 
acid (0,8 g.) in absolute ethanol (2 ml.), and set aside 
to crystallise. "The d~ac-1etrahydro-2-naphthylammonium, 
d-camphorsulphonate soon separated as needles; after 
washing with a little ethanol, and drying in vacuo it
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had m.p. 219-220° and Klip + 70.5° (c, 0.921; 1, 1 
in ethanol), and phi^ + 46.5° (£? 2.243? 1,1 in 
water). '
Optical Stability During the Cycle 
0amphorsuiphonatiri21e> AmS  .
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r (*.)- ac-l etr ahydr o-2-naphthy 1 ammonium d-camphor- 
sulphonate (0.6 g. of Hjp + 46.3°, in water) was heated 
on the steam hath for a few minutes with an excess of 20% 
sodium carbonate solution. After cooling, the mixture was 
extracted with ether, and the extract mixed with a 
solution of d-camphorsulphonic acid (0.36 g.) in ethanol 
(5 ml.). The mixture was set aside and soon needle-shaped 
crystals separated. After standing for two hours, the 
(+)- ac-1 e tr ahydr o- 2-napht fay I ammonium d-camphor sulphonate 
was filtered, washed with a little ether, and dried 
in vacuo at 100°. field 0.4 g. (66% recovery). -This had 
N J  D + ^6#8° (£j 2.82;1., 1; in water), from the mother 
liquor ca 80 mgs. of semi-crystalline material was isolated; 
as this had a pronounced smell of camphorsulphonic acid, 
it was not examined any further.
Cycle of Operations (+ )-Tetrahydro-2-naphthylammonium 
^Hsamphorsuip
* “TTj^fefrlrydro ■
The (+)-ac-tetrahydro-2-naphthy1ammonium 
d-camphor sulphonate (0.4 g.) from the last experiment,
having * 8 0 (£, 2«8 2 s 1 , 1, in wat er ) was
mixed with, an excess of 38% nqueoiis potassium ,
hydroxide and extracted with ether, the ethereal
extract being , washed and dried. It was now mixed
with an excess of concentrated hydrochloric acid,'
and the precipitated hydrochloride recovered as a
crystalline solid. It was crystallised from water
once, to give stout needles, m.p. 230°, which were
washed with a little water and then a little acetone.
After drying in vacuo at 100° it had jNj ^  + 76*1°
(c, 0.391i It 1; in water).
Some Derivatives of ac-fetr9hydro-2-naphthylamine. 
ac~fetrabydro~2~naphthylamine salt of ac-fetr8hydro-2-
(+)-Tetrahydro-2-naphthylamine (few drops), 
having + 81.2° (3^,1 homogeneous), was dissolved 
in a little ethanol, and mixed with an excess of an 
ethereal solution of carbon disulphide. After a slight 
exothermic reaction, the tetrahydro-2-naphthylammonium 
salt of ac-tetrahydro-2-naphthyidithiocarbamic acid 
separated as glistening plates, m.p. 142°. (Bamberger 
and Muller, Berichte, 1888, 21, 847, give m.p. 142°). 
Ihis had + 62.4° (£, 0.446, '31, 1; in ethanol) .
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IT-(ac-tetrafaydrQ~2~naphtfa;yI)-thiourea. . ■ ■
A few drops of (+)-tetr8hydro-2-*napfathylamine,
having ci^ + 81.2° (1, 1 homogeneous) was converted into
the hydrochloride, and dissolved in a little water* An
excess of a, solution of potassium thiocyanate was now 
added, and the mixture set aside. Soon needle-shaped
■crystals of N-(tetrahydro-2-naphtfayl) thiourea, m.p. 195°,
separated. ■■This had + 84,4 (c 0.357; if 1, i&
ethanol), founds 0, 64.3, H, 7.25, B, 13*5, S, 15*35%.
C11H14H2S requires 0, 64.0,H, 6*85, B, 13.6, S, 15*55%.
Preparation of the N~Benzoyl Derivative.
(i) from (4)-tetrahydro-2-naphthylainmoniuia (+)-bromo— 
camphor sulphonate* Tetrahydro-2-naphthyI ammonium bromo-
camphorsulphonate, (ca 0.2 r . having + 98.4° in
ethanol) was suspended in water, and treated with a few 
drops of benzoyl chloride. Bow an excess of 5B sodiuxn 
hydroxide solution was added and the mixture shaken 
vigorously. After standing overnight, the crude benzoyl 
derivative was filtered and washed. This, without 
further recrystallisation, had -4*'■ 41.4° (c, 0.483;
19 1 in ethanol}, and m.p. 150°. ;
(ii) from (+)-tetrahydro-2-naphthylammonium hydrogen
(+)-tartrate; f'etrahydro-2-naphthylammonium hydrogen 
(+)-tartrate, having + 82.6 (!L, 1, aqueous) (0.3 g.),
~  3 1  -
was suspended in a little water, end mixed witli an 
excess of “benzoyl chloride and sodium carbonate 
solution. Ihe mixture was warmed for a few minutes, 
shaken vigorously, and set aside. Bext day, the crude 
B-Benzoyl derivative that had separated, wad f iltered 
and crystallised from acetone as stout needles*,'-.. After 
drying in vacuo at 100°, it had m.p. 154° and fl] p + 45*8° 
(£, I.1565 1, 1 in ethanol).
ac~Te tr ahydro~ 2-naphthy1ammonium carbonate.
A few drops of (4- )~ac~tetrshydro~2~naphthyl^ 
amine, having d-p * 81,2° (1, 1, homogeneous), were 
dissolved in ether, and small lumps of solid carbon 
dioxide were added in order to form the carbonate, fhis 
separated as a thick white precipitate which -was filtered 
off and washed with a little dry ether. It was dried 
in vacuo at room temperature, as at temperatures above 
ca 760, it seemed to lose carbon dioxide, and leave the 
free base behind. It was slightly soluble in ethanol, 
but more readily in methylene dichloride. Its optical 
rotatory power was measured in both solventst-
& J  I1 + 91.9° (c, 0.4-57-, 1. 1; in ethanol).
O U  £1 + 78.1° (c, 0.922; 1, 1; in methylene
D ~ dichloride).
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Optical rotatory power of the (*) carbonate in the (+) amine.
The ( + )~ac~tetrahydro»2~naphthy 1 anuaonium 
carbonate (0.0852 g.) from the last experiment, having 
M 3  * 91*9° (in ethanol) was dissolved in (-$•)-ac»t etr a- 
hydro-2-napht3biylamine (1.01 g.) having *81.2°
(19 1 homogeneous) by warming gently. The optical 
rotatory power of the solution measured immediately was 
U  |° +80.42 (1, 1).
This result shows that the presence in the free 
base of a small proportion of its carbonate - due to 
exposure to the atmosphere - would not markedly modify 
its rotatory power.
The Optical Stability of 
(+)-Methyl 9-Amino fluorene~2«carboxylate.
file Optical Stability of (+)-Methyl 9-AminofXuorene-
,.-i As- a-sequel to the experiments described in the 
previous section bearing,on the optical stability of 
ac-1 etrahydro-2-naphthylamine,; it was decided to examine 
1 another reported example of optical1instability of a 
primary amine* . ijy-.i
Ray and Ireiser (J* Amer* Ghem* Soc* 1945, 67, 
,5041 1947 * 69» 5068 showed that whilst (*)-9-hydroxy- 
fluorene-2-carboxylie acid gives no evidence of optical 
instability, the corresponding (+}-m@thyl-9~aminofluorene- 
2-carboxylate ”racemised readily, even on standing at 
room temperature” and that ”recrystallisation was 
impossible without loss of optical activity”*
In passing, it may be noted that very feir 
successful resolutions of 2s9~substituted fluorenes are 
recorded in the literature* Eennet and loyes (Rec* trav. 
chim* 1929> 48* 895? 1* Amer* Ghem* Soc*, 1930, 52, 3437) 
failed to resolve 2-©mino-9-*diazofluorene and 2s9*~diamino- 
fluorene by means of (+)-camphor sulphonic and (4- )-phenyl~ 
amino acetic acid or hydroxymethylene and camphor, fhey 
also failed to resolve 2-amino-9-hydroxyfluorene with 
(4*)-camphorsulphonic acid and attributed their lack of 
success as being due to their experimental technique .
rather than to any inherent absence of molecular 
dissymmetry* Bader (Zur Stereochemie des Bluorenes — ' 
Dissertation, Vienna, 1926, 53) was unsuccessful in 
his attempts to resolve 2*9-diaminofluorene, using 
either (*)-tartaric acid or (+)-helicin. This author 
put forward the theory that optical isomers do not 
exist in the case of the compound under examination, 
since the "mutual repulsion of the two amino groups 
destroyed the tetrahedral arrangement at the 9~c&rbon 
atom by forcing the substituents on the 9-carbon atom 
into the same plane".
An alternative explanation of these unsuccess­
ful attempts at resolution was advanced by Say and 
Kreiser (loc* cit*): they suggest that the failures
are connected with the non-planar structure of the 
fluorene molecule and its readiness to fold over..
Structure of fluorene.
Two structures have been advanced for the 
spatial configuration, of the fluorene molecule. . Cook 
and Iball (Ghem. and Ind. 1956, 4-67) i from X-ray 
crystallographie measurements suggested that each six- 
membered ring is inclined at 20° to the fiye-membered 
ring, and at 40° with one another*
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Such a non-planar eonf iguration would not necessarily 
demand.the'existence of stereoisomeric fluorene 
derivatives, as it would he possible for them to possess 
sufficient, elasticity to oscillate "between two non-planar 
forms*
If, on .the other hand, the inclined structure 
were rigid or nearly so, then it would be possible to 
achieve a resolution of a simple 9-suhstituted fluorene 
(such as 9-soainofluorene)* Hesolution of a fluorene 
substituted only on the 9-oarbon atom would be conclusive 
evidence for a non-planar form but,in spite of many 
attempts, such a resolution has not been achieved 
(Kliegl, Wengand Wiest, Ber. 193G,. 6J, -1262, 1631).
Pinck and Hilbert ( J. Araer. Ghem. Soc * 1937 *
59« 8), on the other hand, hold that the configuration 
of fluorene is planar, having arrived at this conclusion 
from a study of the Stieglitz rearrangement of 
IT-substituted 9-aminofluorenes. Stabilisation can be
attained in such compounds by .undergoing two types of 
rearrangement. v
The two possible products are (i) a phenanthridine 
derivative and (ii) an imine. If the fluorene molecule 
were planar, the cyclopenta&iene ring would be strained, 
and should favour the opening of the ring, and subsequent 
reformation to give the phenanthridine type, fhe mono­
chi orairiines of the type shorn below where H « 9-phenyl, 
el-naphthyl or methyl were rearranged in anhydrous 
pyridine solution, with excess of sodium methoxide.
-  37 -
Mo imine was formed* Pinck and Hilbert interpret 
this behaviour as due to the strained condition of 
the $-m@mbered ring instead of the relative electro­
negativity of the substituents on the tertiary carbon 
atom#
Prom'.measurements of dipole moments, Hughes, 
Befevre and Lefevre (Ghem* and Ind. 1936, 545 • 561) 
were unable to decide for or against a non-plansr 
structure* However, by analogy with the proved structure 
of diphenylene(dib@zocyclobutadiene),
in which a four-membered ring is tolerated between two 
benzene rings, the f luorene molecule could •■■■well be 
planar* .
More recently, Burns and Iball '■{Mature, 195^* 
1?3» 633) and Brown and Bortner (Acta Oryst* 195^Y 2# 
139)* after a detailed quantitative examination, 
including Fourier analysis, have shown that the fluorene 
molecule is planar. Unless the molecule has a different 
shape in solution from what it has in the solid state,
there can he no possibility of optical isomerism in 
9-aminofluorene or other 9-substituted fluorenes.
Esy and Ereiser (loc* cit,) draw attention to the 
considerable importance of resolving fluorene compounds 
with a 9-nsymmetrie C-atomt because nif it is impossible 
to resolve such compounds * then there Is even less hope 
of being able to isolate optical isomers which might 
exist because of a folded structure***
With this in mind, these workers achieved the 
resolution of 9-hydroxy fluorene-2~earboxylic acid via 
its strychnine salt and thus avoided the amino compounds 
which previous investigators had employed* This increased 
their hopes of being able to resolve an aminofluorene, and 
consequently an attempt was made to resolve 9- acetyl amino- 
fluorene-2-carboxylie acid with strychnine and brucine*
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No resolution was effected as the expected diastereo- 
isomeric salts could not be isolated. A further attempt 
at resolution of this compound using the'silver salt of 
(+)-csmphorsulphonic acid was not successful either.
In their resolution of methyl luorene*-
2-carboxylate, from molecular quantities of the amine and 
(+)-tartaric acid, three fractions of crystalline material 
were obtained. Rrorn the first fraction, the dextro form 
of the amine was isolated. The second fraction also gave 
dextro rotatory amine, but/with enhanced rotation. The 
third fraction gave the leavo form of the amine, The 
rotatory powers of these three fractions found by these 
workers are given in Table I.
Ray and Kreiser found that the optically active 
free amine racemised readily even on standing at room 
temperature, and that reerystanisation was impossible 
without loss of activity. To determine the optical 
rotation, therefore, it was necessary to wash the free 
amine well, dry quickly and dissolve without warming the 
solvent.
Specific Rotatory 'Powers'"(1, 2), of Methyl 9~Aminofluorene- 
2-carbo3gylate Isolated from the Various "Fractions of the*
Fartaric Acid. Salt.
(Hay and Kreiser)
1st fraction 2nd fraction 3rd Fraction .
X
0.3000 
in 50 ml.
6* "
ethanol
0.20Q* 
in 50 ml.
3 g.
ethanol
0.1500 g. 
in 50 ml.ethanol
&  r t e l  F ° a|7° : m °
onO
c ° l i f
6^63 4 0.08 4 6.? + 0.02 + 3.75 - 0.03 - 5.0
58 93 4 0.09 4 ?.5 + 0.08 410.0 - 0.07 -11.7
5463 4 0.11
. . .
49.2 + 0.12 4I6.3 - 0.09 -15*0
liiis **ready racemisation**, Hay and Kreiser 
'"suggest, may- explain why previous attempts to resolve 
©minofluorenes were not successful j they suggest that 
it may be interpreted as bearing out Cook and Iball* s 
theory that the non-planar fluorene molecule oscillates 
rapidly between two non-planar forms. A further 
suggestion which they make, is that the ready racemisa- 
tion of the base may have been catalysed by the presence 
of impurities, the nature of which they do not specify.
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'Experiments bearing: on the Chemical Instability of
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■ 9-Aminofluorene and its Derivatives*
During the preliminary stages of the 
repetition of the work, of Bay and Kreiser (loc.eit*)» 
the rather marked instability of methyl 9-amino-* 
fluorene-2—carboxylate soon became apparent* A search 
of the literature has revealed that 9-ominofluorene and 
its derivatives are very susceptible^&erial oxidation* 
Early investigations are due mainly to Goldschmidt and 
his co-workers (Annalen, 1926, 4-47, 19?i ibid* 1927* 
456, I52)* who showed that, when solutions of 9-smino- 
fluorene were expcs ed to the atmosphere, they gradually 
turned dark green and deposited a yellowish white 
substance* fhey noted also that sunlight and oxygen 
greatly accelerated the decomposition of the original 
9~ aminof luorene; and that the format ion of the new 
substance was accompanied by the liberation of ammonia*
Analysis of the new substance suggested
^26%7^ or ^ 2  6 %  8 ^  2 as eiaPirical formula, but Its 
very sparing solubility prevented the determination of 
its molecular weight* On the somewhat slender basis 
of these observations end analyses, Goldschmidt 
suggested that the reaction proceeded by either of the
following alternative routes.
(I) 9-Aminofluorene (A) under the influence of light 
condenses, with elimination of ammonia, to give the 
secondary amine (B) which in turn undergoes oxidation, 
possibly via free radical (0) formation (as the deep 
colour of the solution would suggest) to yield the 
tetra-substituted hydrazine (D). ?
(II) Alternatively, (A) may undergo direct oxidation 
to yield a product of unidentified structure which in 
turn condenses with (A) to form the anil of structure (B).
Sc
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Goldschmidt#s Suggested Schemes of Condensation. . . . . . . . . .
H N H
NHo
Sc h e me
I n t e r m e d i a t e
NH + N H  
H  3
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Preparation of Methyl 9~Aininof luorene-2-carboxylate.
- Methyl 9-sminofluorene-2-carboxylate was pre­
pared by the following series of steps, some of which 
were carried out by alternative methods2-
Recrystallised commercial fluorene was converted 
into 2-acetylfluorene by reaction with either acetyl 
chloride or acetic anhydride. In several experiments . 
carried out at this stage, aluminium chloride and 
titanium chloride were tried as catalysts, as well- as 
carbon disulphide and nitrobenzene as solvents for the 
Preidel and Crafts condensation. The most satisfactory 
method employed acetic anhydride and aluminium chloride 
in nitrobenzene solution. The resulting 2-acetylfluorene 
was oxidised to fluorenone-2-carboxylic acid either by 
sodium bichromate-acetic acid or by sodium-hypochlorites 
both procedures gave good yields. The acid so obtained 
was esterified either by treatment with diazomethane or 
via the acid chloride (PCl^) and dry methanol. The 
resulting methyl ester was converted by interaction with 
hydroxylamine to fluorenon@oxime-2-carbox.ylie ester, 
which was in turn reduced by means of zinc and hydrochloric 
acid to give methyl 9-aminofluorene-2-carboxylate hydro­
chloride. The crude r&cemic amine was obtained by 
triturating the hydrochloride with dilute aqueous alkali,
and had m*p* 92-95°* fhe optically active isomeride 
had m,p* 108-110°* .Ray.and Krieser (loc* clt3 give 
m*p* 98-100° for their specimen of methyl 9-amino- 
fluorene-2-carboxylate possessing the highest rotatory 
power,-
fhe Resolution of (~)~Methyl-9~Atfdnof luorene-2-Oarboyylate ■
.. .. a v w i v . c
The (-)* freshly liberated from its hydro­
chloride, was added to art aqueous solution of (*)- 
tartaric-acid (1 mof,) and the suspension warmed until 
solution was complete, fhe acid tartrate, which 
separated overnight, after being recrystallised from 
water seven times and finally from ethanol, yielded 
(+)-methyl 9~aminof luorene-2-carboxylat e hydrogen 
(+)-tartrate needles, sup* 210° and EOp * 4-1°, By 
decomposition with alkali, it yielded (*)-methyl ;
9-aminofluorene-2-carboxylate, which separated from
- • - jrV •
light petroleum in needles, m*p* 108-110 , and 
:f*0 D + 52° (in ethanol);
Optical Stability of (+)-Methyl 
9-Aminofluorene-2-carboxylate,
In the solid state (^)-methyl 9-aminofluorene- 
2-carboxylate maintained its optical rotatory power
without loss when stored during three weeks in the
dark under nitrogen* fhis material, after crystallisation
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from petroleum, ether, taking care not to separate any 
fractions, had maintained its optical rotatory power 
unimpaired* f
In ethanolie..solution,.^however, the optical 
rotatory power was maintained only for 14 hours, after 
which period it fell steadily • At the same time, the 
originally colourless solution gradually acquired a 
yellow colour.which eventually became too deep to allow 
of further polerimetrie examination*
■Chemical' Instability of (*)-Methyl 
9- Aminof luorene- 2-carboxyl at e* ,y
Solutions of methyl . 9-aiainofluorene-2- 
carboxylate in ethanol soon acquire a yellow colour, 
which gradually deepens and eventually becomes dark 
green* After this stage, colourless crystals (tiny 
clusters of needles), m*p* 165°, are deposited, and 
the solution concurrently loses some of its own colour* 
Analysis of the needles agree with a compound corres­
ponding to structure (1)*
- 4?
/ ^ C O O M e ^ C O O M e
4- nh3h^ > nh2 . >
# C O O M  e / C O O M e
E
During this decomposition ammonia is liberated, end 
f was -'easily detected when the experiment was carried 
out on a 2 gnu seal e in a stopperedf 1 ask * In a 
further exp eriment , this compound of m *p* 165° was 
left in contact with the solution from which it had 
separated for some three monthsi the resulting 
crystalline'material*- which had now turned yellow, 
was extracted with methanol when methyl fluorenone- 
k-carhoxylate separated in golden yellow needles. 
This result Is in harmony with the view that the 
compound of m.p. 165° may he an anil, and which 
possibly by hydrolysis gives methyl fluorenone 
carboxylate.
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COOMc
COOMe
These investigations have led to the 
conclusion that methyl '9-aminof Iuorene~2~carb0xylate 
suffers oxidation and concurrent other chemical 
changes when exposed to the atmosphere, especially 
in light* The' loss of rotatory power exhibited hy 
this compound is thus consequential to chemical 
instability. The evidence suggests that this 
chemical instability is the explanation of the 
optical instability that has been observed, and 
reported by Ray and Krieser (lob, cit.).
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The (+)~base reacts smoothly with, acetic 
anhydride in the presence of pyridine and the result­
ing (+)-methyl 9-acetamidGfluorene-2-carboxyl ate 
retained completely its optical rotatory power in 
solution after two weeks, during which time it had 
developed no colour* In the solid state it has been 
kept in an unstoppered vessel over a period of several 
weeks without suffering any loss of optical activity*
Thus protection of the reactive amino group 
confers chemical- stability on the molecule and this, 
in turn, results in optical stability*
Summary and Conclusions*
This investigation shows that (-§- )-methyl 
9-aminofluorene-2-carboxyl ate, when kept In the dark 
and in an atmosphere of nitrogen, maintains its 
optical rotatory power almost unimpaired for at 
least three weeks*
That it can be recrystallised without 
suffering alteration In either melting point or 
magnitude of rotatory power.
On the other hand, R J  falls to half its 
original value*when the (+)-base in. ethanolic 
solution,in the presence of air, is kept in the 
dark for twelve days* .
When not protected from light, the solutions 
are even more unstable: optical activity was fully
maintained for at least fourteen hours, hut after 
forty hours had fallen by 23%*
During three weeks, the solution became deep 
green and deposited colourless crystals and evolved 
ammonia*
In marked contrast (+)~methy1 9-&cetamido- 
fluorene-2-carboxylate which is chemically stable is 
also optically stable* - - '
It appears then that (+)-methyl 9~smino~ 
fluorenc-2-carboxylate is not optically unstable per se, 
but that loss of rotatory power results from chemical 
-•-reaction'with air*;■
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: Experimental Section, ;
' Commercial fluorene was recrystallised^ from ; ^
methanol (chareoal} and obtained as glistening plates , 
m*p, 115°/ V ' ■.
Preparation of 2-Acety Ifluo rene. - : .
Method 1. ...following, the procedure described in 
Organic Syntheses, ¥ol, 26, 3 *
■ s* stirred suspension of aluminium chloride
(52 g,, 0,24 mol,) in a solution of f luo rene 
(20 g* 0,12 molv) in dry carbon disulphide (90 e,e,> 
was added freshly distilled acetic'anhydride (12,5 g*, 
0,12 mol,) during thirty minutes, The mixture was then 
heated under reflux for an hour and the reaction complex, 
which had separated, collected by filtration and washed 
with carbon disulphide (75 c,c,) followed by light 
petroleum* It was decomposed-by.addition portionwise 
to water containing hydrochloric acid (7«5 c,c,),
The hydrolysed material was removed, washed and dried, 
giving a buff coloured product (22*5 §*) of sup* 60-100°, 
By fractional crystallisation from acetone it was 
separated into the 2-acetyl derivative a,p. 128°
(12,5 g*) and 2?7~diacetylfluorene? ia,p, 175-179°
(5*5 £•).
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Method XI. • .Titanium. tetrachloride (60 e.c.) was added • 
during an tour to a stirred solution of fluorene (95 S*) 
and acetic anhydride ( H  c»c«) in carbon disulphide 
(1.01, ) which was surrounded by ic e wat er * The 
solution gradually darkened and deposited solid 
material<which' almost prevented stirring. Accordingly, 
additional carbon disulphide (300 e.c.) ‘was added and 
the stirring continued for a further hour.’ The complex 
was poured into ice-cold dilute hydrochloric acid, and 
the product worked up as described. The percentage 
yield and m.p. were similar to those obtained by 
Method I.
Method III. This follows the procedure of Baehmann 
and Sheehan (J, Amer. Chem. Soc*, 1940, 62. 2686).
To a stirred mixture of nitrobenzene (150 c.e.), 
acetic anhydride (15 e.c.) and aluminium chloride (35 g*) 
was added fluorene (20 g.) portionidse, the mixture 
being maintained at -5-100. The temperature was 
allowed to rise to 20° and the stirring continued for
1,5 hr. Hydrochloric acid (50 e.c.),diluted with ice, 
was then added and the nitrobenzene removed in a 
current of steam. The acetylfluorene separated fi'om 
acetone (charcoal) in needles, m.p. 131-132°.
(Yield 21 g., S4$S). After a farther crystallisation, 
the product had m.p. 132-135°•
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Oxidation of 2~Acet,yIfluorene to 
, Fltiorenone-2-car'bo^lic Acid*
Method I* Based on the procedure given in Organic 
Syntheses, Ifol* 28, 63*..
Coarsely ground sodium bichromate (180 g.) 
was added in small portions to a vigorously stirred 
warm solution of 2-*acetyIfluorene (20 g•) in glacial 
acetic acid (260 e.c*)* The heating was then increased 
so that gentle refluxing occurred and aeetic anhydride 
(80 c.c.) was added during' an hour - the heating was 
continued for 8 hours longer*
dhs hot mixture was stirred into hot water 
(4 1*), and the suspension left several hours before 
filtering* fhe solid material was washed with dilute 
sulphuric acid (2%) and then dissolved in hot 
potassium hydroxide (280 c.e* of.5^) solution* (in 
some experiments, 2 - J g, of unchanged ace tylf luo rene 
was recovered at this stage)* 5
: Addition of hydrochloric acid to the hot
alkaline solution yielded fluorenone-2~carboxylic 
acid which, after thorough washing and drying, was 
obtained as a canary yellow powder, m.p. 339-3^ 0° 
(sublimes)? yield 18 g*
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Method II* following Schliessler and Sldred (J* Amer...
Cliem* Soc., 1948, 22.t 3958).
A slurry of bleaching powder (350 g.) and warm
water (1400 c.e*) was slowly mixed'with a solution of
potassium carbonate (250 g,} and potassium hydroxide 
(70 g*) in water (700 c.c.). The stirred mixture was 
filtered and washed with water (200 c,c*).
The filtrate was added to the powdered 2-acetyl- 
fluorene (95 g*) and the mixture stirred at 60-65° for 
4 hours* The unreacted material (80 g.) was removed 
by filtration and the filtrate acidified with hydro­
chloric acid* The resulting fluorenone-2-carboxylic 
acid, after'washing and drying, had m.p* 339° and 
weighed 12 g.
Esterification of FluQrenone-S-carboxyilc Acid.
Method I* finely ground fluorenone-2-carboxyIic 
acid (2 g.) was added to an ethereal solution of 
diazomethane prepared from nitro some thy lurea (5 g« ) 
and potassium hydroxide (15 c*c* of 50% aqueous 
solution) at 0 ? after the liberation of nitrogen, 
the solution was left overnight and then concentrated, 
when methyl fluorenone-2-carboxylate separated as 
yellow needles, m.p* 187°*
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In a second experiment, 12 g. of the acid yielded
10.5 g* of the ester5m.p. 187-188°*
Ray and Rieveschl (J. Aiaer. Chem. Soc., 1943,
65* 838) give m.p. 185-6°.
Method II. A ground mixture of the acid (10 g.) and 
phosphorus pentaohloride (10 g.) was gently warmed on 
the isomantle under slightly reduced pressure, and the 
product washed several times with dry light petroleum.
The resulting acid chloride was added to an excess of 
dry methanol when a vigorous reaction ensued. After 
removal of the excess methanol under diminished pressure, 
the resulting methyl fluorenone-2-carhoxylate had 
m.p. 185-186°. Yield 10 g.
Methyl 9~f luorenone oxime-2-carboxylate.
This compound was prepared by the procedure of Ray 
and Ireiser (loc. clt.).
A mixture of the methyl ester (10.5 g*)> finely 
powdered hydroxylamine hydrochloride (6.6 g.), barium 
carbonate (9 g*)» dry benzene (88 c.c.), and absolute 
ethanol (22 c.c.) was vigorously stimed and heated under 
reflux for three hours, then filtered hot, and the 
residue washed with a little hot ethanol. The filtrate
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on standing, deposited methyl''f luorenoneoxime-2— 
carbdxylate, as light yellow needj.es, m.p* 206°, 
yield 8 g. lay and Irsisen (loc. cit*) give -
m.p. 206-208° for the oxime after recrystallisation 
from, xylene*
(-)-Methyl 9-AminofXuorene-2-carboxylate.
Zinc dust (24 g.) end hydrochloric acid 
(30 c.c* concentrated + 15 c.c. water) were added 
alternately in portions to a hot stirred solution of 
the oxime (8 g.) in ethanol (300 c.c.), and the whole 
heated under reflux for an hour and then filtered.
The filtrate, on standing, deposited methyl 9-amino-. 
fluorene-2-carboxylate hydrochloride as needles; 
m.p. with sintering 238°, yield 7*1 S* lay and 
Kreiser (loc. cit.), whose procedure this is, give 
m.p. with sintering 230°.
The hydrochloride (7*1 g*) was triturated 
with a slight excess of 3% sodium hydroxide when the 
free base (6.0 g.) was liberated; it separates from 
light petroleum in needles, m.p. 98-100°.
An attempt to reduce the oxime by an 
alternative procedure was made as follows s-
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Pallatised charcoal (0.1 g. of 5$) was 
added to a solution of the oxime (8 g.) in absolute 
ethanol (200 c.c.) and the mixture shaken in an 
atmosphere of hydrogen. Even after four hours, no 
hydrogen had been absorbed, and evaporation of the 
filtered solution yielded the unchanged oxime.
Preparation of the Hydrogen (+)~fartrate of
The hydrogen tartrate of methyl 9-aminofluorene- 
2-carboxylate was prepared by one of the following methodss-
(1) The free base was liberated from its hydrochloride by 
reaction with dilute alkali, and then mixed with the 
calculated amount of (+)-tartarie acid in alcoholic 
solution.
(2) The amine hydrochloride was dissolved in a small 
quantity of water, and the calculated amount of 
amiTionium hydrogen (+)~tartrate in aqueous 
solution was added.
(3) The calculated amount of sodium ethoxide in 
ethanol was added to methyl 9-nrainofluorene-2- 
carboxylate in the same solvent. The precipitated 
sodium chloride was filtered off and washed with a 
little ethanol. The filtrate and washings mere 
mixed with the calculated amount of (+)-tartaric 
acid in ethanolic solution.
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Procedure (1) was'the preferred method, as 
it gave a clean product immediately. By any of these 
procedures, methyl 9-amiixofluorene-carboxylate 
hydrogen (+}-tartrate was obtained as stout needles 
which, after recrystallisation from ethanol, had 
m.p. 210°»
. 4 " " " Bound; 0, 58.8; V H, 4.83% ■ V
C19H1908N Bequires?' Cj 58.6; H, 4.91%
When recrystallised from water or aqueous ethanol, it 
had m.p. -195° and was shown by analysis to contain one 
molecule of water of crystallisation.
Bound; : ; ■ 0, 55+5% - H,: 5.68f:: JF,; 3.42# 
G19E1908lf*H20 0, 56.0; H, 5,60; I, 3.44%
Ray and Kreiser (loc. cit.) obtained three fractions 
during the crystallisation of their tartaric acid salt 
of methyl 9-aminofluorene-2-carboxyiate. The melting 
points and postulated constitutions of these salts, as 
well as melting points and optical rotatory powers of 
the liberated amines, are given below.
Fraction
Humber
Hydrogen Tartrate Free Base
M.P.
1
Constitution | M.P*
- . 1
W I) in ethanol
■ Amine tartaric acid
-yl-. 195° 2 mols 1 mol 95° .+ 7-5°
2- 183-210 3 mols 2 mols 93 V + 10.0
3 195-203 1 mol 1 mol 92,5 - 11.7
Fractional Crystallisation of Methyl 9—Aminofluorene-*
- -  --C-- ■ ■ - - - ,  r .,.„-1^
Four slightly different procedures were 
adopted in effecting the resolution of methyl 9-&mino~ 
fluorene-2-carboxylate hydrogen tartrate aafollowss-
Method I* Methyl 9-aminofluorene~2-carboxylate (1 *6 g*) 
and (+)-tartarie acid-(1*1 g.) were mixed in ethanolic 
solution (total volume 19 c.c*) and 1 eft overnight, 
when colourless needles (1*8 g*), m.p* 199-200°t .of 
the hydrogen tartrate were deposited. Three 
recrystallisations of these from $0% ethanol gave 
crop I) of the (-f)-amine hydrogen (^)-tartrate (0*8 g*) 
m.p. 210°, having K D  gG + 38.3° (a,- 1.012;'.1,. 1 in 
water).
(+)-Methyl Q-jboinof luorene-2~carboxylate*
The hydrogen tartrate from crop D (0.8 g.) 
was triturated for a few minutes with an excess of 
3%' aqueous sodium hydroxide solution* at room 
temperature. The resulting colourless crystalline 
material was filtered and washed thoroughly with 
wateri /-after, drying in a vacuum desiccator over 
potassium hydroxide, it (0.3 g.) had m.p* 100-103°* 
and ^  * 38*0° (£, 0.580; 2L, 1; in ethanol). /
Found 0, 75*5l ,H| 5*6; N, 6.16%
Calc. for C15H1302H:; 0, 75*3s H, 5*5; H, 5*85^
Method II. Methyl 9- aminofluorene-2-c arboxyl ate 
hydrochloride (10 g.) was triturated with a slight 
excess of 3% aqueous sodium hydroxide for a few 
minutes. The free base thus liberated was washed 
thoroughly with water, and a little of it was 
recrystallieed from ethanol for determination of 
melting point. This gave needles m.p. 92-95°• The 
bulk of the free base was dissolved in ethanol 
(50 ml.) and immediately mixed with a solution of 
(+)-tartaric acid (5*1 S*) i& the same solvent, making 
a total volume of ca 100 c.c. On standing,colourless 
needles of the hydrogen tartrate were deposited.
These were twice crystallised fx*om 90^ ethanol, giving
' A
the partially active salt (4.5 g*)> m.p. 200 and 
B-l |° + 28° (c, 1.021 ; iL, 1; in irater). Two 
further crystallisations from 95% ethanol raised the 
melting point to 210° and the specific rotation to 
4* 41° (c, 0.955? jL, l5 in/water).
Method III. Methyl 9-smiJaof luorene-2-c arboxyl ate . 
hydrochloride (12 g.) was suspended in aqueous sodium 
hydroxide (100 c.c.),and triturated durin0 fifteen 
minutes. The liberated free base was removed .and 
washed thoroughly with water, and a small portion 
dried in vacuot this had m.p. 98-100°. The rest of 
the damp filter cake was suspended in a solution of 
(-{*)-tartaric acid (7.0 g.) in water (100 c.c.), and 
gently heated until solution was complete. This 
solution was set aside overnight, and the resulting 
crystalline needles, m.p. 195°, (12 g.) (analysis given 
earlier on page ) were crystallised from water seven 
times* (the final crystallisation being from ethanol), 
to give a least soluble fraction (1.0 g.) having 
m.p. 210°, and fUJ |° + 41° (c, 0.591; 1, 1; In water).
On liberation of the free base by reaction 
?«/ith dilute alkali as described previously, methyl 
9-aminofluorene-2-carboxylate (0.6 g.) was obtained, 
having m.p. 108-110°, and [U3 |° + 52° (c. 0.73;
1^, 1; in ethanol). Eecrystallisation from light
; ' ~ 62 ~* 
petroleum gave needles of unchanged melting point 
and rotatory: power. ;
Method IV« ■. Methyl 9~aminof luorene-2-carboxylat@
(5.0 g,, m.p. 98-100°) was suspended in a solution 
of (*)-tartaric acid (3.2 g*) in water (15 c*c») .
This was warmed until clear solution was obtained 
and set aside overnight* The resulting mass of ; 
needle-shaped crystals of the hydrogen tartrate of 
methyl 9-©minofluorene-2-carhoxylate was filtered 
off and recrystallised from water four times, to give 
colourless needles (2.6 g.) having + -31°
( c, 1.03; 1, 1; in water). This was triturated with 
cold■}% aqueous alkali for fifteen minutes, filtered 
and washed thoroughly with water. The liberated base, 
after drying in vacuo over potassium hydroxide. had 
nup. 105-108°, sixdpT) D + 52° (e, 0.71J; 1, 15 ethanol).
: ^cperiments"to Show the Optical Stability of 
- - , Methyl 9-Aminof1uorene~2~carboxylate♦
(1) Storage in the solid state.
(1) fhe incompletely resolved (O-methyl 9-amino- 
fluorene~2^carboxylate from method I, having:.,
L ^  4- 38; was allowed to stand over potassium - > ; 
hydroxide in an ? atrnosphere of nitrogen, in the dark : 
for three weeks, and again examined polarime trie ally*
It now had [<=C)D + 37° (c, 0.625; 1, 1; ethanol), and 
was unchanged in. appearance* -
(ii) ; The methyl 9-aminofiuorene-2-carboxylate * 
from method i¥, having L<l u + 32°> was dissolved in 
a little light petroleum and the solution allowed to 
crystallise; the solvent was then removed completely 
under reduced pressure, thus making sure that no 
fractionation occurred during the operation* (To avoid 
optically richer and poorer fractions)* After drying 
in vacuo, : it had .m.p* 105-108° and L ^  + 32*5°-
(£> ® * 715» i ethanol) • This sample was now
stored In a desiccator over potassium hydroxide, in an 
atmosphere of nitrogen in .the dark f or two weeks * At 
the end of this period it had m*p* 105^ 108°.. and 
L^ J  d + 31.7° (£, 0.835; I, 1; in ethanol). , 
Specimens of the (*)~amine analysed before and after 
storage gave the following resultss
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Before storages : 0, 75.^1 H, 5*31; B, 5.%%
After storages :; " C? 75.85; . H, 5*22; I, 6*19%
Calc, for ; 0, 75*281 H,"5-.475 :ll, 5*85%
(2) Storage In Solution,
(1) Methyl 9-aro.inof luorene--2-c&rboxylate (0*0750 g*)
from Method III was dissolved in absolute ethanol,
and made up to 10 ml *, placed in a 1 dcm * tube and
examined polarimetrically. It had ^  ^  + 0*38°*
whence Lp KJ j y * 52°* The solution was 3
immediately returned to the measuring flask, which
was stoppered and kept in the dark* five days
later the solution, which had become slightly
yellow, showed + Q.2$°. Seven days later,
it had become distinctly yellow, and showed 
^ 20 0oc 4- 0*19 • The solution became more 
deeply coloured and further polarimetrie measure­
ments became impracticable.
(ii) A specimen of the free base having £oQ > 450, 
(c, 0.972, 1, 1; |° +0.44° in ethanol) was
used in this experiment* After measurement of 
the optical rotation, the ethanolic solution was 
poured back into the measuring flask, and storied 
as described in the last experiment. After 14 
hours, the optical rotatory power had not 
diminished, being + 0.44, but 24 hours
later it had fallen fco d  4- 0*32° and the solution 
had become slightly yellow* After standing five days 
exposed to ordinary light, the colour gradually 
deepened to a dark green and the solution was not 
further examined polarimetrically. After a few days 
longer, the dark green solution deposited clusters of 
colourless needles and lost some of its own colour. 
The needle-shaped crystals had m.p * 165° * unaltered 
by recrystallisation from ethanol*
3 found* C, 78*36; H, 4*6; B, 2*3% 
Calc* for 0, 78*41; H, 4.6; 1, 3*0%
(iii) (-)-Methyl 9~aminofluorene-2-earboxylate (2.0 g.)
was dissolved in ethanol (ca. 20 ml.) and kept in a 
stoppered flask for three weeks. During this time 
the solution turned deep green, and deposited colour­
less crystals, as described in the last experiment* 
On removing the stopper, a strong smell of ammonia 
was apparent. The colourless needles (1*5 g*) were 
removed and, after recrystallisation from ethanol,
- had m.p. 165°• In a similar experiment, these 
colourless crystals were not removed but allowed 
to stand in contact with the solution over a period
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of three months,in a stoppered flask. During 
this time they had gradually turned yellow. - 
After filtering, they were extracted with hot 
methanol and. this extract on cooling deposited 
T golden yellow needles of methyl fluor@none-2- \ ■
. carboxyl ate, m.p. 187-188, alone;, and when 
mixed with an authentic specimen.
(•f)-Methyl 9-Acetamidofluorene-2-egrboxylate.
: - h fhe (*}-methyl 9-aminofluorene-2-carboxylate, 
from Method IT, having U2J + 32° (0.5 g.) was dissolved 
in dry pyridine (1.-; ml ,) and mixed with acetic anhydride 
(1 11,).uflie mixture, after keeping at room temperature 
for 0,5 hr., was poured into iced water,"It was’then 
extracted with ether, and the organic layer washed with 
2% sulphuric ' acid, followed by 2/o sodium bicarbonate, 
and finally with distilled water. After drying, the 
ether was evaporated to give colourless shining needles 
sup, 245°. Secrystallisation from ethanol raised this-to
246 . Yield 0.4 g 
1, 1; in ethanol). 
This had K T  |° + 26° (c, 0.862
Founds C, 72.8; H, 3-0; H, 5.2%l
Methyl acetamidof luorene' 
carboxyl ate requires 0, 72.6? H, 5.4-5 : Nv;-5.0J6
~  6? -
She solution in ethanol retained its optical rotatory 
power undiminished over one month and developed no 
colour. The solid material, after being kept in an 
unstoppered vessel for two weeks, showed undimished 
optical rotatory power; p + ^6° (£» 0.950; 1, 1; 
in ethanol).
Ray and E.'reiserfs Analysis of their Hydrogen Tartrates.
As mentioned on page lay and Ereiser obtained 
three fractions during the fractional crystallisation 
of their tartaric acid salt of methyl 9-sminofluorene- 
2-carboxylate. Analytical figures are given only for 
the .nitrogen content and from these the compositions 
of each of the fractions have been calculated as shown 
below. However, on recalculation, the ”nitrogen 
required” figures are seen to be wrongly calculated 
by lay and Kreiser.
Frac­
tion
Amine Acid Composition
...
Mitrogen
Calc. 1Recal- 
by |culated
R«lb K«}
Found 
by 
1. & K.
1; /1 ■ ■- 2 mol 1 mol C30H26°4^* G4H6°6
*
4.70 1 4.40! . 4.60%
2 3 mol 2 mol G45H5906H3G8H12°12 ,**33 4.13 4.02
3 1 mol 1 mol C,eH, C> H.C H 0 15 13 2 3*75 ; 3-6 ; J.S4
SHE HMHRAKGEMWE Cl' P-SUBSTITUTED 
PHS® YIJIIDROXTLAMIIISS ID  gODICLS./
The Rearrangement of p-substltuted Fheny1hydroxylamines
to Quinols.
The rearrangement of phenylhydroxylamine under 
the influence of dilute aqueous sulphuric acid to
aminopheno 1' was fast studied by Bamberger. This» and 
closely related reactions, form a considerable series of 
papers (Ber, (1894), 2£, 134?, 1548; Jl, (1898), 1500;
JJ (1900), 3600; "Annalen 424, (1921), 233, 297? 441,
(1925), 20?), and the following is a summary of the start- 
ing arylhydroxylamine and the main products that Bamberger 
isolated.
H 0 H H O H  dll~ H2S°4 ^ h o Q n h,
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&iien the para position is occupied by an 'alkyl 
group, - as in the ease of ^tQi^Tdro^jlaiiiine,' theri a 
second rearrangement, involving the migration of the 
alkyl substituent. to .a neighbouring meta' position, is 
superimposed on tro original arrangement, and two products 
can he isolated* ■
M NHOH +
11' is the main- product and.,is clearly derived; from-.I, 
which was only: isolated in small, proportion*'
fi at there has been a migration of Lie alkyl 
group is rendered highly probable from a .'Consideration
of. the behaviour of in~my lylhydroxy1amine
Me
Me- N H O H
MeMe
+ O H
Me
where both products of-the rearrangement contain methyl 
groups in para positions .-with respect to one another* 
'These rearrangements proceed more smoothly - 
at lower rather than, at high temperatures, e*g*. Bamberger 
was able .to isolate II in yields • of ,37-44^ when..using. 
cold acid, whereas when he used hot acid, various side'
reactions occurred, and he isolated, in addition to 
I and II, £~toluidine, asoxytoluene, traces of ammonia 
and resin.
When the £-alkyl group is replaced by, Nomine 
or chlorine, the halogen atom does not migrate and the 
product of rearrangement is 4—bromo-2~hydroxy-anilme. 
In the case of unsubstituted phenyl hydroxylamine, 
Bamberger suggested that the rearrangement to £-amino 
phenol takes the following course
The Telocity, however, is so rapid that the intermediate 
imino-quinol cannot be isolated.
group, the rearrangement can still take place - but the 
* BH group is eliminated by hydrolysis as M j  and replaced 
by » Q , The resulting methyl quinol then rearranges to a 
quinol
NHOH H NH H O NH2
When the pyposition is occupied by a methyl
Me NHOH
1
HO
Me
NH2
slow side reaction main reaction slow
- : 7 l
■Bamberger explained the initiation of these trans- 
formations as being due to the separation of the 
elements of water involving the production of.an 
unstable radical possessing an univalent nitrogen 
atom - these two components then combining to form 
the imino-quinol
NHOH
He.found support for this postulate by making a-comparison 
of the products obtained by loss of nitrogen from aryl 
asides, with those he ;■obtained from corresponding aryl- 
hydroxylamines - they were essentially identical and might 
therefore arise from a common univalent nitrogen inter­
mediate.
Nowadays, the rearrangement of phenylhydroxyl- 
amine would be written = -
NHOHNHOH
and when the sulphuric acid is replaced by hydrochloric 
acid," one of the products is chioro-aniline as 
Bamberger ’ showed.; ; i ,;
When p^tolylhydroxylamine is rearranged at low 
temperature, the principal product is the aminoquinol 
and quinol
M e N/ =
HO
X _ / :nh "X O
since the final prototropic change is blocked by the 
methyl group - this is probably the immediate cause of 
the loss of nitrogen as ammonia.
From the standpoint of the present investigation 
it is the final stage of the rearrangement of j>~alkyl 
hydroxylamine.s which is of most interest, i.e. the 
migration of the alkyl group to a neighbouring carbon atom 
this movement may be the result of the pronounced tendency 
of compounds of this structure to acquire a purely 
aromatic structure and formulated thuss ^
CH=CH
HOxG/ \ zO  --- * H O < ^ O H
M e C V  /  f Me
CH=CH
A question which immediately, arises is whether the alkyl 
group migrates as a carbonium ion and wrhether the
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resulting alkylated quinol would or wrould not be 
optically active if the original hydro:xyl amine were 
substituted by a radical containing a resolved 
asymmetric carbon atom*
Preparation of (-)~4~Hydroxy1 amino~s ec-butyIbenz ene ,
It was thought possible that some insight into 
the mechanism of the rearrangement might he obtained by 
studying the action of dilute sulphuric acid on a 
K-phenyl hydroxylamine substituted in the 4-position by 
an optically active sec-butyl group,
From a consideration of the very detailed 
experimental inquiry of Bamberger, the following reactions 
might be anticipated
NHOH 'dil.HJ5Q
' ;; : : ( A )
in which case it might prove possible to isolate 
compound (A) and ascertain whether or not it was 
optically active* Since Bamberger concluded that 
the alkyl group (in his experiments, methyl) has 
changed its position in the benzene ring, this new 
investigation should throw light on the mechanism of 
the rearrangement.
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Accordingly, optically active 4-hydroxy1- 
amino-sec-butyl benzene was prepared by the foil Offing 
sequence of reactionss-
sec-Bu !/ \> -w secBuv /NO-
NHOH
Zv% •/ WH* tX
resol n
(.-1 S&JC Bu^Z^N H 2
C-; sec Buy / n o  
\Tn/
After many trials, the {+)-.. and (-)-forms of the 
hydroxylamine were obtained in moderately good 
yields and the following comments on the various 
stages of the preparation may prove useful* ;
Mono-nitration of sec-butylbenzene.
fhe formation of 4-nitro-se£-"butylbenzene in
reasonably good yield proved very susceptible to changes
in experimental conditionsr after many trials of various
published procedures, the one due to Glattfeld and Wertheim
(J. Amer. Ohem. Soc,, 1921. 45. 2886) 'appeared. the most
promising and this, with'.'a slight modification, was the
one employed. Details will be found in the Experimental
Section. ' -' ; v v - ! p
Seduction of 4 hltro-sec-butylbenzene to 4— amino-
sec-butylbenzene.
fhis.'wasTost conveniently effected by boiling 
an ethanolic solution of the nitro-eompound with hydrazine 
hydrate in presence of palladised charcoal. Yields are 
excellent,::;:- . fq,/;,
Hesolution of (-3-4-amino-sec-butylbenzene♦
fractional crystallisation of the acid tartrate 
of this amine leads to the optically pure (+)-base ; 
(Harrison, Kenyon and Shepherd, J.C.S. 1926, 658) but the 
process is tedious t fractional crystallisation of the 
(+)-bromocamphof sulphonate yielded a base of quite small 
rotatory power (Glattfeld;and Wertheim, loc. cit.).
Accordingly, the acid (-hj-dibenzoyltartrate was 
prepared! " this effected a quicker separation of the 
(-)-base, although for the purpose of the present 
investigation, it was not considered necessary to proceed
until optical purity was reached.
An unsuccessful attempt to resolve the 
(-)-amino body, using 6,6-dinitrodiphenic acid is 
described ir the experimental section.
Oxidation of (~)4—amfno-sec-butylbenzene to (-)4-nitro-
s ec-butylbenzene♦
This reaction was accomplished smoothly and 
in good yield by means of per-acetic acid, following 
the procedure of Emmons (J.A.G.S, £$5?* 79? 5528).
The magnitudes of rotatory power of the amine and nitro- 
body were not .markedly.-.different*
Reduction.of (~)-4~nitro-sec-butyTben2ene to 
^r jZiphydroxylamino-sec-butylbenz ene *
Of the various methods tried, that of tftzinger 
(Helv, Chim Acta. (1954)* 2Lt-1889; Annalen 1944, 556,
50), in which ammonium chloride is slowly added to a 
boiling etiianolic solution-suspension of the nitro­
compound and zinc dust, proved by far the most satisfactory.
An unsuccessful attempt to resolve 
(-)-p-hydroxylamino-sec-butyl benzene, using (+)-tartaric 
acid, is described in the Experimental Section.
I3nfortunately it has not proved possible to 
isolate the final product - sec-butyl quinol - in a 
sufficiently pure condition to say with certainty whether 
or not it is optically active.
v 1XMIMMTAL 'SECTION*.
• 7:.;; The sec-butylbenzene was a commercial samples
it was redistilled and collected, b,p. 57~60o/ea. 12 mm.
Preparation of 4-nitro-sec~butylbenzene.
Some half-dozen procedures for the preparation 
of this compound have been described during the past 
thirtyaix years, and of these, that by Glattfeld and 
Wertheim (Inc, cit.) proved most consistently successful 
The details are as followss-
To sec-butylbenzene (10 g.) in a bath at 0° 
was added, with vigorous stirring, a nitrating mixture
of cone. nitric acid (6 c.c.) and sulphuric acid (7 c.c.)
at such a rate that the temperature of the reaction was
maintained between 10 - 20°* After the stirring had
been continued for sn additional hour at room temperature
the acid layer was run off and the organic layer washed
with water and dilute alkali hintil neutral .
Distillation yielded a fraction (10 g.) of 
b.,p. 140°/12 mm.
This preparation was repeated several times 
with uniformly good results, e.g. from sec-butylbenzene 
(50 g.) there was obtained a main fraction b.p. 135*140° 
/ca. 12 mm. (57 g. » 85% of theory). On redistillation 
this 4-nitro-sec-butylbenzene had b.p. 92°/0.1 mm.
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lor their product, purified by steam- 
distillation-and subsequent redistillation, Glattfeld 
and Wertheim (loc. cit.) give b.p. 130 /9 mm. Their 
best yield was 63% and their average yield 57%* 
Reduction of 4-nitro-sec-butylbenzene to.4-amino-sec-
(i) With hydrogen and palladised charcoal.
Pallad'ised charcoal (0.1 g. of 10%) was added to a
solution of 4-nitro-sec-butylbenzene (1.8 g.) in
absolute ethanol (150 c.c.) and after the air had
been displaced, the suspension was shaken at room 
temperature with, hydrogen* The amount (at 20° and
755 mm*) of hydrogen absorbed was 726 c.c., which
agrees with theory (726 c.c*).
(ii) With hydrazine hydrate and palladised charcoal. 
.Palladised charcoal .(0*5 &* of 10%) was added 
during an hour to a boiling solution of hydrazine 
hydrate (17 c.c.) and 4-nitro-sec-butylbenzene 
(19 g.) in ethanol (200 c.c.) when there-.was a 
copious evolution of nitrogen. After filtration the 
solution was concentrated, when the residue distilled 
almost completely with b*.p* 119 /ca. 12 mm.
Yield 14.5 g* * 92%/
This excellent and convenient procedure is due to 
Balcoxa and Furst (J. liner. Chem. Soc., 1953* Z5.» 4334)
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Reduction of 4-Ritro-sec~butylbertzene to 4-hj-droxylamino- .
sec-butyl'benzene.
(1) A mixture of 4-nitro- sec-butylbenzene ( 6 g*)
zinc dust (6 g. of 92%) and aqueous ethanol (20 c,c» 
of 50 )^. was vigorously stirred and heated (reflux 
condenser) on a steam bath and to it was added dropwise 
during fifteen minutes a solution of ammonium chloride 
(3*5 g*) in water (8 c.c.). lh.e cooled mixture was 
filtered (Ho* 5 paper) and the residue washed with a 
mixture of light petroleum (40 - 60°) and ether, iiie 
aqueous filtrate was diluted with water and extracted 
with light petroleum. The combined organic extracts, 
after drying and evaporation, yielded a residue which, 
in the refrigerator, slowly deposited crystalline 
needles, m.p. 36°. Xield 4»5g.: y :
(See later on for application of this method to the 
(-)-nitrocompound). This procedure is due to 
TJtzinger (Helv. ChiiuY Acta, 1954, 22, 1889i Annalen,
^ 9 44, $0')V
(ii)2inc dust (8 g. of 90%) was added during 49 mins. to 
a vigorously stirred suspension of 4-nitro-sec-butyl- 
benzene (6 g.) ammonium chloride (3 g*) in. water 
(150 c.c.). The filtrate from this reaction mixture 
was' extracted with ether and the extract dried (MgSO^) 
and concentrated. The residual oil could not be
crystallised. The procedure is found in Org. Syn. , I, 445.
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(iii) Methods involving partial reduction of the nitro 
group with (a) the calculated volume of hydrogen 
in presence of palladised charcoal and 
(h) aluminium amalgam and moist ether, gave 
variable results of non-crystalline material.
Method (i) proved uniformly satisfactory.
Resolution of ^-emlno-see-butylbenzene.
(f)-'base (3^ g.) mixed with ethylacetate (10 c.c.) 
was added to a solution of dihenzoyl (+)~tartaric acid 
(82 g.) in ethyl acetate (100 c.c.) After a slight exo­
thermic reaction, the solution set to a thick mass of 
crystalline needless this, when cold, was mixed ?jith 
ether (100 c.c.) and filtered, The crystals of the salt 
had m.p, 153° and K/p —  90° (i, 1; c, 1,630) in ethanol 
and weighed 73 g*s after five recrystallisations from 
ethyl ace tat e, the y had m. p. 137«5-133.5° and (pQ ^  - 78,h° 
(1, 11 £, 1 . 7 3 ^ ) ethanol. Wt. 30 g.
Founds 0, 63.6; H, 5.65? 1, 2.6
^28H29®8^*^2® requires C, 64.0; H, 5*9? I, 216%
(-) - 4- Am in o- s e c-bu ty 1 h enz en e.
fhis salt (30 g*), suspended in water (100 c.c.) 
was mixed with sodium hydroxide (5 g.) in water (10 c.c.) 
and the liberated base extracted with ether. This extract, 
after drying and concentration yielded the (-)-amine, 
b.p. 119°/ca. 12 MH., - 6.22° (1, 1). Yield 8.1 g.
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With acetic anhydride and pyridine 4-acetylamino-sec- 
butyihenzene was readily formed, m.p. 126°
Beilly and Eickinbottom (<1,0.8., 1920, 117. 120) give 
m.p. 126—126°.
Founds C, 75*5* H, 8.8; I, 7.3
Sale, for a12H1?0Br C, 75.8I 1, 9.0? N, 7*3%
( O~4~ilmino~see~but y Ibenz ene.
■ The' combined ethylacetate filtrates from, the
fractional crystallisation described above were
concentrated, cooled,and rendered slightly alkaline,
when a small amount of crystals separated. These were
collected and examined as described below*.
The filtrate was made strongly alkaline and
the liberated base extracted with ether. The resulting
(+ )~8ffiine, b.p. 116-119°/12 mm. had o^. |° + 6.14°
(1,1). • Yield 4.8 g.
(+)~4-Pormyl amino-sec-but ylbenz ene.
9, * This crystalline material (1.5 g.) separates
from ethanol in needles, m.p* 121°. It.was optically 
inactive. The m.p, was not depressed when mixed with a 
little fonaylaiTiino-sec-butylbenzene.
Founds 0, 74.65? H, 8.4? B, 7*9 
4-formylamino-sec-butylbenzene, requires
C #..7^5; ; B, 5 V B, 7-9%.
• - 83 -
. Chat taw ay: and Hay (1.0.8., 1921, 34) showed 
that formic acid is produced in small amoimtB (2*4 g. 
from 130 g.) during the decomposition of tartaric 
acid by. moderate heating. They suggest the.following 
course for the reactions- r :
C0oH : 
j
: :^cq0e ] :
heat 1
C0oH : ■ 
!
CHOH
I
— > 0Ho 
' i
CHj
1
CHOH
f-
C(0H)o
■ I
COOH ■ 
y - -
v- H ' v
— ^ ,;| -M. 4. CO
C02H ' COgH h ' 000H o o g h; : *
It appears feasible to think that the formic acid may 
have been already present as an impurity in the 
dibenzoyl tartaric acid and that it immediately reacted 
with the (+5-4-amino-sec-butylbenzene. Ihis view had 
the merit of accounting for the optical inactivity of 
the 4-f ormylaminoysec-butylbenz ene *
Mbenzoyl (+)*tartaric acid. -
fhe temperaturevof a miitureoof tartaric 
acid (150 gv) and benzoyl chloride (430 g.}was siowly 
raised - with constant stirring to 150°5 the main 
reaction occurred at 135*140° with copious evolution 
of hydrogen chloride* fhe cooled product was ground 
with benzene to free it from benzoyl chloride and then 
partially hydrolysed by gently boiling it with'water* 
Ihe resulting heavy oil set to a mass of needles,
m.p. 80° end{^7^-116° in ethanol.
Oxidation of (~)~4-amino*sec-butylbenzene to (~)-4-
nitro*seo
i chloroform (60 c.c.), maintained at 0° and 
vigorously stirred, was added hydrogen peroxide (90S,
13*6 c.c*f 0.5 mol.), followed in turn by sulphuric acid
then stirred at room temperature for 13 minutes and mixed 
with chloroform (40 c.c*). lo this solution, heated to 
boiling, a solution of the (~)~amine (8*1 g.) in chloro*
period the vigour of the boiling increased notablys the 
refluxing was continued for sn additional hour, after which 
the cooled yellow solution was poured into water (300 c.c.) 
fhe chloroform layer was washed thoroughly in turn with 
water, sodium hydroxide (20/1) end dilute hydrochloric 
acid, dried (MgSO^) and the solvent evaporated, fhe 
residual oil had b.p. 140*146°/12 mm. (10 g.) and 
subsequently b.p. 90-92 /0.1 mm* to give a clear pale 
yellow liquid which had- ^ ^  * 8.0° (!_, 1) and is 
presumably (~)~4~nitro*se£*butylbenzene.
fhis follows the procedure of famous (J.A.C.S., 
1957, 2%  9528) for the oxidation of aromatic primary 
amines to the corresponding nitro-compounds*
(2 drops * as catalyst) and acetic anhydride "
0.6 mol.) dropirise during 30 mins. * the mixture was
form (25 c.c.) was added over 20 minutes, during which
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.Reduction of (~)~4~nitro-see~butyrbenzene to 
(~ )~4~hy&ro:£y I amino- aec-butylbenz ene*- ;
fhe ( -)-nitra-compound of — 8.0° (iq g. )
was reduced with zinc dust and ammonium chloride, as 
described for the reduction of the (-)-nitr 0-compound*
In this case* also, the reaction proceeded smoothly and 
the resulting ( - droz;y 1 amino-s ec-buty lb ertz ene after 
careful crystallisation from cold light petroleum formed 
needles, m.p. 42° ' D - 6,0 (1, 1; £, 6.00) ' in
ethanol*
; ? . Founds C, 72*5; H,; 9*0; 8 + Q. :
0^0%^01 requires Gp 72*6fH, 9.1; N, 8.9%
Attempted Resolution with 68f Dinitrodfohenic acid.
\ \ Ingersol and Little, (J* Amer v,.Chem*; Soc.
(195^) 2123) have successfully employed (+) S^-dinitro- 
diphenic acid in the resolution of certain racemlc bases* 
An- attempt was made to use this acid as an agent f or the 
resolution of dl# p~see-butyl aniline*
A sample of (-)methyl 66* dinitrodiphenate was 
kindly given by Professor B.S. lurner and it was as below.
Hydrolysis of Methyl 66*~dlnitrQdiphenate.
Lhe methyl ester (6 g*) was refluxed for 3 hr. 
with sodium hydroxide (2*7 S*: do. 66 c.c. of 3 ^  ethanol).
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Most of the alcohol was now distilled off, and the 
acid'precipitated by the addition of' excess of 
hydrochloric acid. After washing with water and 
drying, a light cream coloured powder was obtained 
having m.p. 254- (without recrystallisation 5,5 gO*
Resolution of (~)~6»6M.initrodiph.e:iaic acid. :r-
The (~)6,&tdinitrodiphenic acid (5*5 g.) from
the last experiment was dissolved in water (ca; 150 c.c.) 
and treated with Xa (~) phenyl ethyl amine (2 g. having ,
^  ~ 18*53 l :0.5i prepared from a sample of the
hydrogen tartrate having R J p ,+ 13*8 (c. 2.173» .1. Irin 
water) kindly supplied by Dr. ..Holtston)* The mixture 
soon- deposited,needles of the hydrogen tartrate * Three 
crystallisations from acetone gave light yellow needles 
m.p. 200°, 2*5,g* havingLdj $ ~ 135° (£ 1*103; i# 1* 
in methanol).
(^)6,8*~Dinitrodiphenlc acid..
ihe (-)pheny1ethyl©mine salt of (~)dinitro^ 
diphenic acid (2.5 g*) from the last experiment was' 
treated with an excess of aqueous alkali and the free 
amine extracted thoroughly with ether, The aqueous 
layer was now made acid to deposit (-) 6,6,-dinitro~ 
phenic acid as pale yellow micro needles (1.65 g*)» 
m.p. 225°.
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Attempted preparation of p~sec~butyl aniline salt 
of (~)~6 * 6 y~diphenic acid.
The dinitrodiphenie acid from the above 
experiment was dissolved in a little acetone and mixed 
with an equimolecular amount of p-see-but:ylaniline ;
(0.74 g.). The mixture was warmed on the water bath 
for a few minutes, end-allowed, to stand overnight. Ho 
crystalline product could be isolated from,this.
Attempted Resolution of hydroxyl amino p~sec~»butyl benzene.
In view of the reported preparation of phenyl- 
hydroxylamine oxalate (Org. Syn. Coll., Tol 1, 446, 
Sulzberger, U.S. fat. 1390260 (Ohem. Abs. 16,1922, 105), 
an attempt was made to prepare the hydrogen tartrate of 
aec-butylpheny Ihydro xyl amine.
When equimolecular amounts of p~ s ec~butyIpheny 1- 
hydroxylamine and d-tartarie acid were mixed in ethyl 
acetate, a crystalline salt was formed. This derivative, 
on further crystallisation, decomposed rapidly. 
Unfortunately this salt did not prove sufficiently stable 
to allow of its recrystallisation.
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Rearrangement of (7 )-4-hydroxy 1 amino-sec-butylbenzene.
The (»)~4-hydroxylaminO”-sec7butylbenzene - - 1 
B>LItq 7 6*0°; 2 g.) was suspended in previously boiled -
dilute sulphuric acid ;(40 c.e.: of IslG by vol.) and 
heated in:an atmosphere of nitrogen oh the steam bath 
for 4Q lins. The cooled solution was mixed with 
sulphuric acid (2 c.c.) and water (4 c.c.) and ■ 
exhaustively extracted with ether. These extracts,
.after washing, dry ing and evaporation yielded a dark 
coloured oil (0.5 g*)* On passing in light petroleum 
through an alumina column (Peter Spence, type 0), this 
separated into a fast-moving deep yellow band and a 
stationary purple band. The chromatogram was developed 
with light petroleum and the fast-moving band collected. 
This separated fiom light petrol in orange needless 
after recrystallisation from methanol, it formed orange 
plates, m.p. 81..5° (0.25 g.) and. tCL-, 66° (c, 0.75,
1^, 0.5) in benzene solution.
Founds G, 81.6; H, 8v9i H, 9,6 ::
°2QH26N2 re<luiress °> 81.6;. H,’8.6; N, -9* 5%  ■
This compound thus appears to be 4—4f-di-sec- 
butyl az0-benzene.
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Second product of rearrangement.
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flie dark aqueous layer (after extraction with 
ether) was made alkaline and extracted with ether, This 
yielded a deep-red oil which did not separate on a 
chromatographic column and determination of its optical 
rotatox'y power proved impossible.
Third product of rearrangement. (sec-butylquinol)
The alkaline aqueous layer (previous paragraph) 
was saturated with carbon dioxide when - by extraction 
with ether - a further red oily material (ca. O.fg,) 
was obtained. In this case, also* the deep colour 
prevented any real determination of optical rotatory 
power, *(In readings taken, 41 gave slight negative 
readings and 9 slight positive readings, using a mercury 
vapour lamp). ,
Several attempts on similar lines were made 
with both racemic and (- )-4-hy dr oxy I am ino- s e c-buty 1- 
benzene: the resulting jj redacts, however, proved
unsuitable for determination of rotatory power.
